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(57) Abstract:. Isoxazoles of formnla (A) or (B) arc inhibitors of HSP90 activity, and useful for treatment of, for example cancers: 
(AX (B) wherdii R,, is a group of formnla (lA): -ArMAlkOp-(Z),-(Alk^-Q, wherein in any comp^*ble combination Ar> is an 
optionally substitnted ar^ or hetm>aryi radical, Alk^and Alk^ are optionally substituted divalent Q-Cg alkylene or C2-Q alkenyleiie 
radicals. p. rand s are independenUy 0 or 1. Zis -0-, -S-, -<C=OK -(C=S)-, -SOj-. -C(=0)0-, -C(=0)NRA-, -C(=S)NRA-. - SOzNR^-, 
-NR^(=0>, -NR^SOz- or -NR^- whoiein R-* is hydrogen or Q-Cg alkyl, and Q is hydrogen or an optionally substitnted carbocyclic 
or heterocyclic radical; R2 is (i) a group of formula (lA) above or (ii) a carboxamide radical; or (iii) a non aromatic carbocyclic 
or heterocyclic ring wherein a ring carbon is optionally substituted, and/or a ring nitrogen is optionally substituted by a group of 
formula -(Alk*)p-(Z)r-<Alk^X-Q wherein Q, Alk*, Alk^ Z, p, r and s are as defined above in relation to group (lA); and R3 is hydrogen, 
optionally substituted cycloalkyl, cycloalkenyl, CfC^ alkyl, Cj-Q alkenyl, or Ci-Ce alkynyl; ora carboxyl, carimxamide, or carboxyl 
ester group. 
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Isoxazole Compounds 

This invention relates to substituted isoxazoies having HSP90 inhibitory 
activity, to ttie use of such compounds in medidne, in relation to diseases 
which are responsive to inhibition of HSP90 activity such as cancers, and to 
pharmaceutical compositions containing such compounds. 

Backoround to the invention 

Molecular chaperpnes maintain the appropriate folding and conformation of 
proteins and iare crucial in regulating the balance between protein synthesis 
and degradatiori. They have been shown to be important in regulating many 
important cellular functions, such as cell proliferation and apoptosis (Jolly and 
Morimoto. 2000; Smith et al., 1998; Smith, 2001). 

. Heat Shock Proteins fHSPsV 

- 

Exposure of cells to a number of environmental stresses, including heat 
shock, alcohols, heavy metals and oxidative stress, results in the cellular 
accumulation of a nurriber of chaperones, commonly known as heat shock 
proteins (HSPs). Induction of HSPs protects the cell against the initial stress 
insult, enhances recovery and leads to maintenance of a stress tolerant state. 
It has also become clear, however, that certain HSPs may also play a major 
molecular chaperorie role under normal, stress-free conditions by regulating 
the conrect folding, degradation. locali2ation and function of a growing list of 
important cellular proteins. 

A number of multigene families of HSPs exist, with individual gene products 
varying In cellular expression, function and localization. They are classifiied 
according to molecular weight, e.g.; HSP70, HSP90, and HSP27. 
Several diseases in humans can be acquired as a result of protein misfoldihg 
(reviewed in Tytelletal., 2001; Smith etal., 1998). Hence the development 
of therapies which disrupt the molecular chaperone machinery may prove to 
be benefidal. In some conditions (e.g., Alzheimer's disease, prion diseases 
and Huntington's disease), misfokied proteins can cause protein aggregation 
resulting in neurodegenerative disorders. Also, misfoMed proteins may result 
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in loss of wild type protein function, leading to deregulated molecular and 
physiological functions in the cell. 

HSPs have also been implicated in cancer. For example, there is evidence of 
^Hferential expression of HSPs which nriay relate to thfe stage of tumour 
progression (Martin et al.. 2000; Cpnroy et al.. 1 996; Kawanlshl et al.. 1 999; 
Jameel et al.. 1992; Hoang et al., 2000; Lebeau et al.. 1991). As a result of 
the involvement of HSP90 in various critical oncogenic pattiways and tiie 
discovery that certain natural producte with anticancer activity are targeting 
this rnolecular diapenone. ttie fascinating new concept has been developed 
that inhibiting HSR function may be usefiii In ttie treatinent of cancer. The first 
rnolecularchaperone inhibitor is currentiy undergoing cHnical trials. 

HSP90 

HSP90 constitutes about 1^2% of total cellular protein, and is usually present 
In the cell as a dirner in association with one of a number of otfier proteins 
(see. e.g.. Pratt, 1997). It is essential for cell viability and it exhibits dual 
Phaperone functions (Young et a|.. 2001). It plays a key role in ttie cellular 
stiiess response by interacting witii many proteins after their native 
confonna^on has been altered by various environmental stresses, such as 
heat shock, ensuring adequate protein folding and preventing non-specific 
aggregation (Srnith et al.. 1 998). In addition, recent results suggest ttiat 
HSP90 may also play a role in buffering against the effects of mutation, 
- presumably by correcting tiie inappropriate folding of mutant proteins 
(Rutfierford and Undqulst, 1998). However, HSP90 also has an important 
regulatory role. Under nornial physiological conditions, together witti its 
endoplasmic reticulum homologue GRP94. HSP90 plays a housekeeping role 
in ttie cell, maintaining the confomiational stability arid maturation of several 
key client proteins. These can be subdivided into three groups: (a) steroid 
homione receptors, (b) Ser/Thr or tyrosine, kinases (e.g., ERBB2, RAF-1 , 
CDK4. and LCK). and (c) a collection of apparentiy unrelated proteins, e.g., 
mutant p53 and tfie catalytic subunit of telomerase hTERT. All df these 
proteins play key regulatory roles in many physfologlcal and biochemical 
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processes in the cell. New HSP90 client proteins are continuously being 
identified. . 

The highly conserved HSP90 family in humans consists of four genes, namely 
the cytosolic HSP90a and HSP90P isofomis (Hickey et aL, 1989). <3RP94in 
thie endoplasmic reticulum (Argon et al.. 1999) and HSP75/TRAP1 iri the 
mitochondrialmatrix (Felts et al., 2QD0). It is thought that all the family 
members have a similar mode of action, but bind to different client proteins 
depending on their localization vnthin the cell. For oxample; ERBB2 Is knoWn 
to be a specific client protein of GRP94 (Argon et al., 1999) and type 1 tumour 
necrosis factor receptor (TNFR1) and RB have both been shown to be clients 
of TRAP1 (Song et al., 1995; Chen etal., 1996): 

HSP90 partiapates in a series of complex interactions with a range Of client 
and regulatory proteins (Smith, 2001). Although the precise molecular details 
remain to be elucidated, blocherhical and X-ray crystallographic studies 
(Prodromou et al., 1997; Stebbins et al., 1997) earned out over the last few 
years have provided increasingly detailed insights into the chaperone fundHon 
of HSP90. 

Follpwihg earlier controversy on this issue; it is now clear that HSP90 is an 
ATP-dependent molecular chaperone (Pj-odromou et ali 1997), with 
dimerization of the nucleotide binding domains being essential for ATP .. 
hydrolysis, which is in turn essential for chai^erone function (Prodronriou et al, 
2000a). Binding of ATP results in the fomnation of a toroidal dinier structure in 
vvhich the N terminal domains are brought into ctoser contact with each other 
resulting In a confomiati'onal switch known as the 'ciainp inechanism' , 
(Prodrornou and Pearl. 2006b). 

Known HSP90 Inhibitors 
The first class of HSP90 inhibitors to be discovered was the benzoquinone 
ansamyctn dass. which includes the compounds herbimycin A artd 
geldanamydn. They were shown to reverse the malignant pherK)^e of 
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fibroblasts transformed by the v-Src oncogene (Uehara et aL, 1985). and 
subsequently to exhibit potent antitumour activity In both in vitro (Schulte et 
ah, 1998) and in vn/o animal models (Supko et aL, 1995). 

immunppreclpltation and affiriify matrix studies have shown that the major 
mechanism of action of gelda[namycin involves binding to HSP90 (Whitesell et 
aL, 1 994; Schutte and Neckers; 1 998), Moreover, X-ray crystallographic 
studies have shown that geldanamycin competes at the ATP binding . site and 
Inhibits the intrinsic ATPase activity of HSP90 (Prodrbmou et aL, 1997; 
Panaretou et aL, 1998). This in tum prevents the formation of mature , 
multimeric HSP96 complexes capable of chaperoning client proteins. As a 
result, the dient proteins are ^ipeted for degradation via the u^ 
proteasome pathway. 17-Allylamino, 17-demethoxygeldanamycin (17AAG) 
. retains the property of HSP9p inhibition resulting in client protein depletion 
and antitumour activity in cell cutt^^ 

1 998; Kelland et al, 1 999), biut has significantly less hepatotoxicity than 
geldanamycin (Page et al, 1997). 1 7AAG is currently being evaluated in 
Phase I clinical trials. , . . 

Radicicol is a macrocyclic antibiotic shown to reverse the malignant 
phenotype of y-3rc and v-Ha-Ras transformed flbroblaste 1992; 
Zhao et al, 1995). It was shown to degrade a number of signalling proteins as 
a consequence of HSP90 inhibition (Schulte et al., 1998). X-ray 
crystallographic data confirmed that radicicol also binds to the N terminal 
domain of HSP90 and inhibits the intrinsic ATPase activity (Roe et aL, 1998). 
Radtdcol lacks antitumour activity /n vivo due to the unstable chemical nature 
of the compound. 

Coumarin antibiotics are known to bind to bacterial DNA gyrase at an ATP 
binding site homologous to that of the HSP90. The coumarin, novobiocin, 
was shown to bind to the caritx>xy tenminus of HSP90, i.e., at a different site to 
that occupied by the t>enzoquinone ansamycins and radicicol which bind at 
the N-temiinus (Marcu et aL, 2000b). However, this still resulted in inhibrtion 
of HSP90 fijnction and degradation of a number of HSP90-chaperoned 
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signalling proteins (Marcu et aL, 2000a). Geldanamcyin cannot bind HSP90 
subsequent to novobiocin; this suggests that some interaction between the N 
and C terminal domains must exist and is consistent with the view that both 
sites are important for IHSP90 chaperone properties. 

V)l purine-based HSP90 inhibitor, PUS, has been shown to result in the 
degradation of signalling molecules Jncluding ERBB2, and to cause cell cycle 
arrest and differentiation in breast cancer cells (Chibsis et ai., 2001 ). 

HSP90 as a Theraoeutic Target 
Due to its invoivenDent in regulating a number of signallihg pathways tfiat are 
crucially important in driving the phenotype of a tumour, land the discovery.that 
certain btoactive natural products exert their effects via HSP90 activity, the 
molecular chaperone HSP90 is currently being assessed as a new target for 
anticancer drug development (Neckers et al., 1999). 

The predominant mechanism of action of geldanamycin, 17AAG, and radicicol 
Involves binding to HSP90 at the ATP binding site located In the N-terminal 
domain of the protein, leading to inhibition of the intrinsic ATPase activity of 
HSP90 (see, e.g., Prodromou et ah, 1997; Stebbrns et al., 1997; Panaretou et 
al.. 1998). 

Inhibition of HSP90 ATPase activity prevents recruitment of co-chaperpnes 
and encourages the formation of a type of HSP90 heterocomplex from which 
these client proteins are targeted for degradation via the ubiquitin proteasome 
pathway (see, e.g., Neckers et al., 1999; Kelland et al., 1999). 

Treatment with HSP90 inhibitors leads tp seiective degradatton of irhportarit 
proteins involved in cell proliferation, cell cyde regulation and apoptosis, . 
processes yvhich are fundamentally important in cancer. 

Inhibition of HSP90 function has been shown to cause selective degradation 
of important signalling proteins involved in cell proliferation, cell cyde 
regulation and apoptosts, processes which are fundamentally important and 
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which are Gommonly deregulated in cancer (see^ e.g., Hostein et aL, 2001). 
An attractive rationale for developing drugs against this target for use in the 
clinic is that by simultaneously. depleting proteins associated with the 
transformed phenotype» one may obtain a strong antitumour effect arid 
achieve a therapeutic advantage against cancer versus normal cells. These 
events downstream of HSP90 inhibition are believed to be responsible for the 
antitumour activity of HSP90 inhlbitojs in cell culture and animal models (see, 
e.g., Schulteetal . 1998; KellandefaL, 1999), 

Brief description of the invention 

The present inverition relates to the use of a class of substituted isoxazole 
compounds as HSP90 inhibitors, for example for inhibition of cancer cell ' 
proliferation. The invention also includes novel isoxazole compounds per se, 
and phanrnaceutical compositions containing them 

Detailed description of the invention 

According to the present invention there is provided the use of a compound of 
forrhula (A) or (B) or a salt. N-oxide, hydrate or.solvate thereof^ or a prodrug 
thereof, in the preparation of a composition for inhibition of HSP9d activfty. 

(A) (B) ; V . : 

wherein 

Ri is a group of fomiula (lA): 

.ArMAIk\^Z)r(Alk^)s-Q (lA) ^ 
wherein in any compatible combination 

Ar^ is an optionally substituted aryi or heteroaryi radical, 

Alk^ and Alk^ are optionally substituted divalent Ci-Ce alkylene or C2-C6 

alkenylene radicals, 

p, r and s are independently 0 or 1 , 
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z is -0-, -S-. -(c=o)-, -iosy. -SO2-. -c(=o)o-. -c(=o)nr^- . 

-C(=S)NR^-. -SOzNR^-. -Nl^=0)-, -NR^SO^r or-NR'^- wherein 
is hydrogen or Ci-Ce alkyl. and 

Q is hydrogen or an optionally substituted (»rt>o(r/dic or heteroc^ 
radical; 

R2 is (i) a group of fomiula (lA) as defined In relation to Ri; . 
(il) a cartx>xamide radical; or 

(III) a non aromatic carbocyclic or heterocyclic ring wherein a ring 
carbon is optionally substituted, and/or a ring nitrogen, is optionally 
substituted by a group of fonnula -(Alk^)p-<Z)r(Alk2)s-Q wherein Q. 
Alk\ Alk?, Zi p. rand s arie as defined above bi relation to group (I A); 
and V. 

R3 is hydrogen, optionally substituted cycloalkyi, cycloalkenyl, Ci-Ce alkyl, 
Ci-Ce alkenyl, or Cj-Qe alkynyl; or a cartsoxyl. cartxtxamide, or carix>xyi ester 
group. . 

In general, the class of compounds defined above in relation to fonnula (I) is 
believed to be novel, and the invention includes all novel members of that 
class and their salts, hydrates, and solvates, and prodrugs thiereof. ' . 

As used herein: 

the temn "carix)xyl group" refers to a group of formula -COOH; 

the temi "carboxyl ester group" refers to a group of formula -CXJpR, 
wherein R is a radical actually or notionaily derived from the hydroxyl . 
compound ROH; arKi 

tiie temi " cart)oxamkle group" refere to a group of fonnula -CONRaRb. 
wherein -NRaRb is a primary or secondary (including cydte) amino 
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group actually or notionaily derived from ammonia or the amine 
HNRaRb. 

As used herein, the tenn "(Ca-Cb)ailcyl" wherein a and b are integers refers to 
a straight or branched chain aikyi radical having from a to b carbon atoms. 
Thus when a is 1 and b is 6, for example, the term includes methyl, ethyl, rv- 
propyl, Isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl. n^)enty^^ 

As used herein the temn "divalent (Qi-Cb)alkylene radical" wherein a and b are 
integers refers to a saturated hycirocart>on chain having from a to b carbon 
atoms and tvvo unsatisfied valences.. / 

As used herein/the tenrn ''(Ca-<)b)allcenyl? wherein a and b are integers refers 
to a straight or branched chain allcenyl radical having from a to b carbon 
atoms and containing at least one double bond of E or Z configuration, 
including for example, ethenyl and allyl. . 

As used herein the tenn "divalent (Ca-Cb)alkenylene radical" wherein a and b 
are integers refers to a hydrocarbon chain having from a to b cartx)n atoms, at 
least one double bond, and two unsatisfied valences. 

As used herein, the temn "(Ca-Cb)alkynyr wherein a and b are integers refers 
to a straight or branched chain alkenyl radical having from a to b carbon 
atoms and containing at least one triple bond, including for example, ethynyl 
and prop-2-ynyl. 

As used herein, the term "divalent (CaTCb)alkynylene radical wherein a and b 
are integers refers to a straight or branched chain alkynyl radical having from 
a to b cari3on atoms and containing at least one triple bond, and two 
unsatisfied valendes. 

As used herein the temn "cydoalkyl" refers to a saturated cartx>cyclic radical 
having from 3-8 cart>on atoms and includes, for example, cydopropyl, 
cydobutyl, cydopentyl, cyclohexyl, cydoheptyl and cydooctyl. 
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As used herein the term "cycloalkenyl" refers to a carbocycllc radical having 
from^8 carbon atoms containing at least one double bond, and Includes, for 
example, cyclppentenyl, cyclohexenyl, cycloheptenyl and cyclooctenyl. 

As used herein the tenm "aryl" refers to a mono-i bl- or tri-cycllc carbocyclic 
aromatic radical. Illustrative of such.radicals are phenyl, biphenyl and napthyi. 

As^tised herein the term •*carbpcycHc" refers to a cyclic radical whose;rihg 
atoms are all carbon, and includes monocyclic aryl, cydoalkyl and 
cydoalkenyl radicals. ■ • 

As used herein the temi "heteroaryr refers to a mono-, bi- or tri-cycHc 
. aromatic radical containing one or more heterbatoms selected from S; N and 
O. illustrative of such radicals are thienyl, benzthienyl, furyl, berizfiiryi, 
pyrrolyl, imidazolyl, benzimidazolyl, thiazolyl, behzthiazolyl, isothlazolyl, 
benzisothlazolyl, pyrazolyl, oxazolyl, benzoxazolyl, Isoxazolyl, benzisoxazolyl, 
isbthiazolyl, triazolyl, benztriazolyl, thiadlazolyl, oxadiazoiyi, pyridinyl, 
pyridazinyl, pyrimidinyi, pyrazinyl, triazinyl, indolyl and indazolyl. 

As used herein the unqualified terni "heterocyclyl" or "heterocyclic" includes 
"heteroaryl" as defined above, and in particular^means a mono-, bi- or tri- - 
: cyclic non-aromatic radical containing one or more heteroatoms selected from 
S, N and Q, and to groups consisting of a monocyclic non-aromatic radical 
containing one or more such heteroatoms which is covalehtly linked to 
another such radical or to a monocyclic carbocyclic radical. Illustrative of such 
radicals are pyrrolyl, furariyl, thienyl, piperidinyl, imidazolyl, bxazolyl. 
isoxazolyl, thiazolyl, thiadiazoiyi, pyrazolyl, pyridinyl, pyrrolidinyl, pyrimklinyl, 
morpholinyf, piperazinyl, indolyl, morpholinyl, benzfuranyl, pyranyl, isoxazolyl, 
benzimidazoiyi, methylenedbxyphenyi, ethylenedk»^henyl; maleimido and 
succinimido groups. 

Unless otherwise specified in the context in which it occurs, the term 
"substituted" as applied to any moiety herein means substituted vwth up to four 
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compatible substituents, each of which independently may be, for example, 
(Ci-C6)alkyl, (Ci-C6)alkoxy, hydroxy, hydroxy(Ci-C6)alkyl. mercapto, 
mercapto(Ci-C6)alkyl, (CirC6)all<ylthio, halo (including fluoro. bromo and 
chloro). tnfluoromethyl, triflupromethoxy, hitroi nitrile (-CN), oxo, phenyl, - 
COOH, -COOR^. -COR^, -SQzR^. -CONH2, -SO2NH2. -CONHR^, -SOzNHR^, 
-GONR^R^ -SOzNR^^, .NH2. -NHR^, -NR^R^ .OCONH2, -OCONHR^ . 
-CH::ONRW, rNHCOR^, -NHCOOR^,-NR^COOR\.^^ : 
-NR^SOzOH, -NR^S020R^,-NHCONH2. -NR^CONH2, -NHCONHR^ 
-NR^ONHR^ -NHCONR^R^; or -NR^JONR^R^ Wherein R^ and R^ are 
independently a (Ci-C6)alkyl group. An "optionai substituenr may be one of 
the foregoing substituent groups. Of the above substltuents, (Ci-C6)alkyl, 
hato, trifluoromethyl, trifluoromethoxy. trifluoromethylsulfonyi, and phenyl are 
those most commonly regarded as lipophriic. Other substltuents listed which 
contain alkyi groups may be lipophilic depending on the particular alkyi groups 
present. ^ :v^ -, . . 

As used herein the temi "sair Includes base addition, acid addition and 
quatemary salts. Compounds of the Invention which are acidic can form salts, 
including pharmaceutically or veterinarily acceptable salts, with bases such as 
alkali metal hydroxides, e.g. sodium and potassium hydroxides; alkaline earth 
metal hydroxides e.g. calcium^ barium and magnesium hydroxides; with 
organic bases e.g. N-methyl-D-glucamlne, chpline tris(hydroxymethyi)amirio- 
methane, L-arginine, L-lysine, N-ethyl piperidine, dibenzylamine and the like. 
Those compounds (I) which are basic can fomi salts, including 
pharmaceutically or veterinarily acceptable salts with inorganic acids, e.g. with 
hydrohalic adds such as hydrcichloric or hydrobinomic adds, sulphuric add, 
nitric acid or phosphoric add and the like, and with organic acids e.g. with 
acetic, tartaric, sucdnic, fumaric, maleic, malic, salicylic, dtric, 
methanesulphonic, p-toluenesulphonic, t>e4nzoic/benzenesunfonic, glutamic, 
lactic, and mandelic adds and the like. . 

. The tenm ^^pbphilic" as used herein in relation to a substituent means that It 
has a positive substituent hydrophobicity constant (n), (A positive value for n 
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Indicates that the substltuent is more lipophilic than hydrogen, whereas a 
negative value Indicates it Is less iipdphilic, Le. more hydrophllic, than 
hydrogen). 

Some compbunds of the invention contain one or more actual or potential 
chiral centres because of the presence of asymmetric cart>on atoms. The 
presence of several iasymmetric carbon atoms gives rise to a number of 
diastereolsomers with R or S stereochemistry at each chiral centre. The 
invention includes all such diastereolsomers and mixtures thereof. 

Ah aspect of the irivehtion incliides compounds of formula (A) or (B) above 
and a salts/ NK>xIdes, hydrates or solvates thereof and prodruigs thereof, 
except the following ttiree compounds (X), (Y) and (Z) which are comrriercially 
available: 




W . • . (Y> (Z) 

Subject to those exclusions, the inverition particulariy includes those wherein 
ttie substituents Ri; R2 and R3 are as discussed arid specified in the following 
sections headed The radical Ri", The radical R2", and The radical R3". 
Aridther aspect includes the use of such compounds for the treatment of 
diseases resporish^e to Inhibition of HSP90 ac^ 

The radical 

In general, it is cumentiy prefen^ed that the radical Ar^ present in the Ri group 
is optionally substituted phen^. preferably with one of the optional 
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substituents being a hydroxy group in position 2 relative to the point of 
attachment of the phenyl ring to isoxazdie ring. In other words, the group Ri 
preferably has formula (IB) 




vWiereih Aik\ Allc^, p, r, s, Z and Q are as defined above in relation to Ri, and 
R represents onie or more optional substituents. In such structures, it Is further 
prefen^d that the ring cart>on atom adjacent the hydroxyl group be 
unsubstituted. In the further discussion of Ri which follows, this, preference 
applies in addition to any other pos^bil^^^^ 

in the simplest structures with which the invention is concemed, each of p, r 
and s may be 0, arKi Q may be hydrogen, so that Ri is optionally substituted 
aryi or heteroaryi. In such cases, Ri may be, for example, optionally 
substituted phenyl, preferably 2*hyclroxyphenyi which may be furttier 
substituted, for example by one or more of hydroxy, methyl; ethyl, methoxy, 
ethoxy , chloro, or brpmo. Currently preferred are compounds wherein Ri .is 
2,4-dihydroxyphenyl, substituted in the 5-posltion by a small lipophinc 
- substituent,, for example having a molecular volume equal to or less than that 
of tert-butyl, such ais niethyi, i^thyi, Isoprdpyl, fsolxityl, tert-butyl, chlord, or 
bromo, especially ethyl, isb'propyl, or chiorb. In such &-substituted, 2,4- 
diyhdroxy phenyl compounds of the invention, the hydroxyl groups may be; 
protected by groups which are deaved in t^^^ body to release the hydroxyl 
groups. Known prcJdrug-type groups of t^^ 

hydroxyls include alicylcart>ony!oxy groups such as methylcart3onyloxy, and 
alkylaminocarbonyloxy groups such as dialkylamino- or isoprbpylamino- 
caifeonyloxy. 

In other simple structures with which the invention is concemed, p, r and s 
may again each be 0, and Q may be an optionally substituted cart30cyclic or 



wo 2004/072051 



13 



PCT/GB2004/000506 



heterocyclic ring, for example a phenyl or pyridyi ring, in such cases. Q is a 
direct substituent in the optionally substituted Ar^ ring 

In more complex structures with which the invention is concerned, one or ^ 
more of p. r and s may be 1 , and Q may be hydrog|en or an optionally 
substituted carbocydic or heterocyclic rinjg. For example, p and/or s may be 1 
and r may be 0, so thdt Q is liniced to Ar^ by an alkylene or alkehylene radical, 
for example a C1-C3 alkylene radical, vyhich Is optionally substituted: In other 
cases eiach of p, r, and s may be 1i in which cases, Q is linked to Ar^ by an 
alkylene or alkenylehe radical which is interrupted by the hetero atorti- 
contaihihg Z radical. In still other cases, p and s may be 0 and r may be 1 . in 
which case Q is linked to Ar^ via the hetero atom-containing Z radical: 

Specific examples of Ri groups of tiie above types are prese^^ in tKe ' ; * - 
compounds of the Examples herein. 

The radical 

When R2 is of type (I), I.e. a group of formula (lA), examples include phenyl, 
2-, 3-. or 4-pyridyl, 2- or 3-furanyl, 2- or 3-thienyl, and thiazolyl wherein 
optional substituents include any of those listed above in the defiriltion of 
"substituted**, for example methoxy , ethoxy, methylenedioxy, ethylenedioxy, 
fluomb, chloro, brorno, and trifluoromethyl. For exarhple R2 may be phenyl 
substituted in the 4 position by Ci^Oe alkbxy such as methbxy or ethpxyi or by 
fluoro, chjoro, bronrK), piperazinyl, N-methylpiperazinyl, or piperidinyl. 

Presently prefenred R2 §ubstituents include those having the partial structure: 




wherein the substituted amino group— NR'^^R'*'' is a solubilisihg groupl Many 
such solubilising groups.are known in medicinal chemistry. Examples include 
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morpholinyl, piperidinyl, piperazinyl, pyrrolidinyl, ethylamino. Isopropylamino, 
diethylamino, cyclohexylamino, cyclopentylamino, methoxyethylamiho, 
piperidirv4-yl, N-acetylpiperazinyl, methylsulfonylamino. thiomorpholinyl, 
thiomorphpllnyldioxide, 4-hydroxyethylpiperidinyl, and 4-hydrdxyplperidinyl. 

Our copending Ihlemational patent application no; PCT/GB2003/005275 
discloses HSP90 inhibiting pyra2x>le^compounds analogous to the isoxazoles 
with which this invention is concerned, and which are believed to bind to the 
HSP90 target in an analogous fashion. Those p a 
carboxamide group in the position oonrespohding to R2X)f the present 
isoxazoles. Hence, when R2 in the present isoxazoles is a carboxamide 
radical of type (ii) above, examples include those present In the pyrazole 
compounds of PCT/GB2003yo05275, for exarhple cart>oxamldes of formula - 
CONR^(Alk)nR^ wherein , 

Alk is a divalent alkylene, alkenylene or alk^ylene radical, for example 
a -CH2-, -CH2CH2-, ^H2CH2CH2- -CH2CH=CH-, or ^H2GCCH2- 
radical, and the Alk radical may be optionally substituted, 

nisOort, 

is hydrogen or a Ci-Ce alkyi or Qa-Ce alkenyl group, for example 
methyl, ethyl, n- or iso-propyl; or allyl, 

R^ IS hydroxy or opUohally substituted carbocydic, for example hydroxy 
and/or chloro-substituted phenyl and 3,4 methylenedioxyphenyl; or 
heterocyclyl, for example pyridyl, furyl, thienyli N-piperazinyl, or N- 
morpholinyl any of which heterocyclic rings may be substihJt^ 

or and taken together with the nitrogen to which they are 
attached form an N-heterocyclic ring which may optionally contain one 
or more additional hetero atoms selected from O, S and N. and which 
may optionally be substituted on one or more ring C or N atoms. 



wo 2004/072061 



15 



PCT/GB2004/000506 



examples of such N-heterocyclic rings Including morpholino, piperidinyl, 
piperazinyl and N-phenylpiperazinyl. 

The radical 

R3 may be, for example, hydrogen, meth^, ethyl, rth or iso-propyl, 
triflMoromethyl, hydroxyethyl, methylsulfonaminomethyl, or a carboxamide 
group -<X)NR^(Alk)nF^ as discussed above for R2. A carboxamide group is 
presently prefenred, especially ethylaminobarbpnyl and ; 
isopropyiaminocarbonyl. 

A particular sub-set of the compounds with which this invention is cbncemqd 
consists of those of formula (ID), and the formula B regioisomers thereof, and 
their salts, solvates and hydrates, and prodrugs thereof : 

HO^ 'L^J 



: (ID) 

wherein each R independently represents an optional substituent and 
repnesentsa cart>oxamide group. 

A preferred sub^set of the compounds with which this invention is concerned 
consists of those of formula (IE), and the formula (B) regioisomers 
thereof, and their salts, solvates and hydrates, and prodrugs thereof: 




OH O-N 



(IE) 
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wherein R3 represents a carboxamide group (such as ethylaminocarbonyl 
CH3CH2NHC(=0)-, orisopropylamlnocarbonyl(CH3)2CHNHC(=0)-); Rg 
represents -<)H2NR^°R\^ or -NR^°R^^ wherein the substituted amino group 
-NR^^R^Vis a solubnjsing group, (sudi as morphdlinyl, piperidihyl, piperazinyi. 
pynrolidinyli ethylarnind/isopropylanfilnb/dlethylaminb, c^^^ 
cyctopentylamino» methoxyethyfarhirw* pipieridih-4-yl, N-:ac©tylpiperazihyi, N- 
methylpiper^nyi. methylsulfonylamiho, thiombrpholihyl, thiorinorphblinyl- 
dioxide, 4-hydroxyethylplperidinyl, and 4-hydroxypiperidinyl); and Rg : 
represents an opfional substituent; especially a small lipophilic group (such as 
ethyli Isopropyl; bromo, or chloro). 

Spedfib conripounds with which the Invention is concerned Indude thbsie bf 
the Bcamples. parOcularty the follbwing, and their salts, N-oxides; hydrates 
arid solvates, and prodrugs thereoft 

5-(2,4-Dihydroxy-5-isopropyl-phenyl)-4-(4-rnon>hoiin-4-ylrnethyl-phenyl^ 
isoxazole-3-carboxylic add ethylamlde 

5-<2,4-Dlhydro)q^-^lsopropyi-phenyl)-4-(4-plperidirv1-yiinethyl-phe^^ 
iso>azoIe-3-caitK)xyiic add ethylamlde 

4K4-Dle^ylamlnomethyl-phenyI)-5-(2,4^ihydroxy-5-lsopropyI-phenyl>- 
lsoxazole-3-carix)xyllc add ethylamide 

5^2,4-Dlhydr6xy-5-lsopropv1-pheryyl)-4^ 
ylrhethyl)H[>henil]-liOTxazol^3K:arbd}^ add ethyiamide 

5-(2,4-Dihydroxy-Wsopropyl-phenyl)-4-<4-ethylamlnomethyl-phenyl)- 
isoxazole-3-carboxylic acid ethylamide 
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5-^2,4-Dihydroxy-5-isopropyl-phenyl)-4-[4-<isopropylamm 
phenyQ-lsoxazoIe-3-carboxylic acid ethyiamide 

4-(4-Cyclohexylaminorhethyl-phenyl)-5-(2,4KJih 
phehyI)-isoxazole-3-carboxylic add ethyiamide 

4- ^[4^tert-ButylamIno-methyl)-phenyi]-5-(2,4-^ 
phenyl)-isoxazQle-3-carboxylic acid ethyiamide 

5r(2,4-Dihydroxy-5-is6pFQpyl^phehyl)-4-{4-[( 
methyl]-phenylHsoxazole-3^rbdxylic acid ethyiamide 

5^2,4-Dihydroxy-5-isopropyl-phenyl)-4-{4-morp 
is6xazole-3r^ii)oxylic add isopropylam^ 

5- (2,4-Dihydroxy-5-lsopropyl-phenyl)Ml-[4-(4-methyl-plp 
yirrtethyl)-phehyl]-lsoxazole-3-carfooxyli 

5-(5-tert-Butyl-2,4^ihydrdxy-phenyl)-4-[4-{4-methyl-pip^^ 
yImethyl)-phenyl]-isoxazole-3-c;arboxyllc acid ethyiamide 

5-<5^tert-Butyl^2,4<lihydroxy-iihenyi)^ 
ispxazole-SHi^rbbxyiic add ethyiamide 

5-(2,4-Dihydr6xy-5-isobutylTphenyl)-4-^4-m 
isoxazole-3-carboxytic add ethyiamide 

5-(2,4-Dihydroxy-5-isobutyl-phenyl)-4-(4-piperidln-1-y|meft^ 
isoxazble-SK^arboxylic add ethyiamide 



wo 2004/072051 



18 



.PCT/GB2004/000506 



5-<5-tert-Butyl-2,4-dihydroxy-phenyl)-4-(4-morpholli>4-ylmet^ 
isoxazole-3-carboxyiic acid ethylamide 

5-(5-tert-Butyh2,4Kilhydroxy-phenyl)-4-(4-diethylami 
isoxazole-3-carboxylic add ethylamfde : 

3- (5-Chloro-2.4rdlhydroxy^)henyl)-4-(4-moipholin-4-Ylmethyl-^ 
lso)«c:ole-&<»rtx)xylic acid ethylamide 

4- (4-piethylaminomethyl-phenyl)-5r(4,6-dihydroxy-^^^^ 
yl)^soxazoIe^3-cart>o)^ic add ethylamide 

7 4-(4-Dielhylamin6rnethyl-phenyl)-5-(4'-f|uor<^ 
yl)^soxazple-3-carboxylic add ethylamide 

4- (4-Diethylaminomethyl-phenyl)-5-(4,6-dlhydFoxy-biphenyl-3-yl)- 
ispxazpl(^-3Kjarboxyllc add ethyliamlde 

5K2-Fluoro-4,6-dihydroxy-biphenyl-3-yl)-4T(4-pyiTolidlri-1-^ 
phenyl)-isoxazole-3-c^rboxylic add ethylamide: 

5- <4.64)^ihydroxy-t)ipheny!-3-ylHK4-mo^^^ 
isoxazole-3-carboxylic add ethylamide ^ ^ 

5-(2,4-Plbydroxy-5-phenethyli5henyl)-4-<4-morpholl 
phenyl)-iisox£EoIe-3-carboxylic add ethylamide ... 

) 

5-(5-ChIoro-2,4-dihydroxy-phenyl)-4-(4-piperidin-1-ylmethyl-phenyl)- 
isoxazole-3-carfooxylic add isopropi^amide 
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4K4-DiethylaminQmethyl-phenyl)-5r(5-ethyl-2,4-dihydroxy-phen 
isoxazole-Srcarboxyllc add ethylanilde 

' t . . . 

5-(5-Ethyl-2,4<lihydroxy-phenyl)-4-[4-(4-methyl-piperazin-1-ylm 
phenylHsbxazole-3-cari30xylic acid ethylamlde 

5-(5-EthyI-2,4Klihydroxy-phenylH-(4-moipholin-4-ylm 
isd)^ole-3-carboxyric acid ethylamide 

5-(5-Chloro-2.4Klihydroxy-phenyl)^4-dlethyiamihomethyl-pheny^ 
lsoxazole-3-carboxylic acid ethyliamide 

5-(5<)hloro-2,4Mdlhydroxy-phehyl)-4^[4K4-m 
phenyn-lsoxazole-3-carboxyiic add ethylamide 

5-(5-Chloro-2,4-dihydroxy-phiBnyl)-4-(4-morphdin-4-ylmem^ 
lsoxazole-3-carboxylic add ethylamide 

(:k)mpounds with which the InvCTiflon Is concerned nriay be prepared by 
literature methods, such as those of the prepiEuatlve ExaiTiples herein, and 
methods anaio^us thereto. 

For example. s6me compoynds of fbnrmla (lA) may be prepared Jjy reaction 
of hydroxylamihe iand a cbmpoimd of fomiula (III) ^ 

■ ■ ' ■ ■ ■-■ o " ' ■ . •. . ' • . ■' • 

(III) 

wherein ring A corresponds to the group Ri of compounds (lA) and Ra and R3 
are as defined in relation to formula (I). Compounds prepared in this way may 
then be chemically modified to introduce desired substiluents, to produce 
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Other compounds of formula (A) For example where Ri is a phenyl ring, 
optionally already carrying substituents, the Introduction of a bromo 
substituent will often enable introduction of other substituents at the bromo 
site by sp2 coupling. 

In another route to some compounds of formulsf (A), the isox^ple ring is 
formed by the reaction of a comound (IV) with hydroxylamine 




wherein R'l and R 3 are members of the substutuent classes Ri and R3 
defined above, to produce the isoxazple (V); : ' 

.-■ ^ - • N . ■ . ^- ■- , .... 

foHowed by introduclbn of the additional subst^ 

bromination or iodinatlon of the ring cariion In (V) and sp2 coupling, and/or 
modification of the resultant R^i, R^3 and R2 substituents of the isoxazoie. 

Furthermore, some isoxazoie regioisomers (B) rnay be prdpariskJ frpm the 
isoxazoles (A) by reaction with trimethyloxonlum boron trifluoride, and 
again compounds prepared in this way may then be chemically modified to 
introduce, desired substituents, to produce other compounds of fbnrnula (lA). 

It will be understood that during the above syntheses, it may be desirable to 
protect any reactive groups such as hydroxyls, and to deprotect later. Further 
synthetic details are described in the examples herein. 



the compounds of the invention are inhibitors of HSP90 and are tiius useftil in 
the treatment of diseases which are responsive to inhibition of HSP90 activity 
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such as cancers; viral diseases such as Hepatitis C (HCV) (Waxman, 2002); 
Immunosupression such as in transplantation (Bijimakers, 2000 and Yorgin, . 
2000); Anti-inflammatory diseases (Bucci, 2000) such as Rheumatoid arthritis. 
Asthma, MS, Type I Diabetes, Lupus, Psoriasis and Inflammatory Bowel 
Disease; Cystic fibrosis (Fuller, 2000); Angiogeriesis-reiated diseases (Hur, 
2002 and Kurebayashi, 2001): diabetic retinopathy, haemsingiomas, psoriasis, 
endometriosis and tunriouranglogenesis^ Also an^^H^^ 

Inverition may protect normal cells against chemotherapy-induced toxicity and 
be useful in diseases vvhere failure to undergo apoptosis is an undertying 
factor Such ah Hsp90 inhibitor rhay also be useful in diseases vyhere the 
induction of a cell stress or heat shock protein response could be beneficial, 
for example, protecUon from hypoxia-ischemic injury du^ 
Hsp70 in the heart (Hutter, 1996 arid Trost, 1998) and brain (Piumier, 1997 
and Rajder, 2000). An Hsp90 inhibitor could also be useful in diseases where 
protein misfolding or aggregation Is a major causal factor , for example, 
scrapie/CJD, Huntingdon's and Alzheimer's (Sittler, 12001 ; Trazelt, 1995 and 
Winklhofer, 2001). 

Accordingly, the invention also provides: 

(I) a method of treatment of diseases or corKlitions responsive to Inhibition of 
HSP90 activity in mammals, parlicuiarty humans, which method comprises 
' administerinig to the mammal ah amount of a compound of formula (A) or (B) 
as defined atxDve, or a salt, hydrate or solvate thereof/effectiye to inhibit said 
HSP90 activity;; and 

(ii) a compound of formula (A) or (B) as defined at>ove, or a salt hydrate or 
, solvate thereof, for use in human or veterinary medicine, particuiariy in the 
treatment of diseases or conditions responsive to Inhibition of MSP90 activity; 

(ill) a phanmaceuticai composition comprising a compound of fonmula (A) or . 
(B) as defined and specified above, together with a pharmaceutically 
acceptable carrier, in particular, the invention includes a solution or 
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suspension of suc?h compound in a sterile, physiologically acceptable carrier, 
for example aqueous saline. 

It will be understood that the. specific dose level for any particular patient will 
depend upon a variety^of factors including the activity of the s^^ 
compound employed^the age, body weight, general health, sex, diet, time of 
administration, route of administration, rate of excretion, drug combination and 
the causative mechanism and severity of the particular diisease undergoing 
therapy. In general, a suitable dose for orally admlnistrable formulations will 
usually be in the range of 0.1 to 3000 mg once, twice or three times perday, 
or thd equivalent daily arhount administeredvby infusion or other routes. 
However, optimum dose levels and frequency of dosing wlH be determined by 
clinical trials as is conventional in tiie art. , 

The compounds with which the invention is concerned may be prepared for 
adrhinistratibn by any route consistent wrth their phamiacoklnetf c properties. 
The orally admlnistrable conripositions may be in the form of tablets, capsules, 
powders, granules, lozenges, liquid or gel preparations, such as oral, topical, 
or sterile parenteral solutions or suspensions. Tablets and capsules for oral 
administration may be In unit dose presentation form, and may contain 
conventional excipients such as binding agents, for example syrup, acacia, 
gelah'ni sorbitol, tragacanth, orpolyvinid-pyrrolidone; fillers for example 
lactose, sugar, malzerstarch, calcium phosphate, ^rbrtol or glycine; tabletting 
lubricant, for example magnesium stearate, talc, polyethylene glycol or silica- 
disfntegrants for example potato starch, or acceptable wetting agents such as 
sodium lauryl sulphate. The tablets may be coated according to methods well 
knowri in normal pharmaceutical practice. Oral liquid preparations may be in 
the form of, for example, aqueous or oily [suspensions, solutions, erinulsibhs, 
syrups or elixirs, or rnay be presented as a dry product for reconstitution wth 
water or other suitable vehicle before use. Such liquid preparations may 
contain conventional additives such as suspending agents, for example 
sortDitol, syrup, methyl cellulose, glucose syrup, gelatin hydrogenated edible 
fats; emulsi^ng agents, for example lecittiin, sorbttan monooleate, or acacia; 
non-aqueous vehides (which may include edible oils), for example almond 
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oil, fractionated coconut oil, oily esters such as glycerine, propylene glycol, or 
ethyl alcohol; preservatives, for example methyl or propyl p-hydroxybenzoate 
or.sorbic acid, and if desired conventional flavouring or colouring agents. 

For topical application to the skin, the drug may be made up into a cream, 
lotion or ointment .Cream or ointment formulations vvhidh may be used for the 
drug are conventional formulations well known in the art, for example as 
described in ^ndard textbooks of pharmaceutics such as the British 
Pharmacopoeia. 

The a<*ve ingredient niay also be administered parienterally In a sterile 
medium. Depending on the vehicle and concentration used, the drug can 
either be suspended or dissolved iri the vehicle. Advantageously, adjuvants, 
such as a local anaesthetic, preservative and buffering agents, can be 
dissolved in the vehicle. 

Compounds of the invention are also useful in in vitro assays dependent on 
Inhibition of HSP90 activity, for example in screening for alternative classes of 
HSP90 inhibitors wherein the test compound competes with or displaces a 
compound of this invention. Accordingly, in yet another aspect, the invention, 
includes a mettiod of inhibiting HSP90 activity, comprising bringing into 
contact, in N^tro, an HSP90 enzyme and a compound of formula (A) or (B) as 
defined and specified above. 

The following examples illustrate .the preparation and activities of specific 
compounds of this invention. 
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Examples 1-4 



Scheme 1: preparation of bromo intemiediate and subsequent arylation 




OBn 0-|s| 



OH O^N 



Example 1 

4-[4-(4-Methoxy-pheriyl)-3-methyi4sox^ 




OH O-N 



Step1 

1-<2,4^lhydroxy-phenyl^2-<4-methoxy-'phen^^ 




Resoranol (4.4g, 40mmol) and 4-methoxyphenylacetic add (6.6g. 40mmol) In 
boron trifluoride.etherate (25ml. 0.2mol) was heated, under a nitrogen 
atmosphere, at Qtf'C for— 90mins. to give a pale red solution. The solution 
was allowed to cool and poured into aqueous sodium acetate (200ml,10%) 
and the mixture stirred to give a pale yellow predpitate. The solids were 
removed by filtration and washed with water (200ml). Solids were taken up in 
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ethyl acetate (250ral) and washed with water (200mi). Solution vras dried over 
anhyrous magnesium sulphate and concentrated, to a yellow semi-solid. 
Trituration with diethyl ether (lOOrhl) gave the 1r(2,4-dihydroxy-phenyl)-2-(4- 
methoxy-phenyl)-ethanc»ne as a pale orange solid, dried in vacuo, (2.2g) 
LQ retention time 2.39 minutes [M+H]* 259.2 (Run time 3.75mins) 

N.M.R (DMSO-de) 7.95(d J 8.9Hz ArH> 7.2(d J 8.7Hz 2MH) 6.9(d J 8.7Hz 
2ArH) 6.4{d J 9.9 ArH) 6.25(s ArH) 4.2(s 2Cffc) 3.75(s SOCHa) 

Step2 

7-Hydroxy-^4-meth6xy-phienyl)-2^etKyl<K:hrom.en-4-6ne 




Acetic anhydride (3ml, SOmmol) was added to a suspension of potassium 
carijonate (4.0g, 29mmol) and 1-(2,4-dihydroxy-phenyl>2-(4-meth6xy- 
phenyl)-ethanone (1 !95g, 7.5mmbl) in DMF (10ml), and the resulting 
suspension heated at 1 1 5'*C for ~90mins. The mixture was allowed to cool 
and poured into water (200ml), to give an off-Artrtiite precipitate. The solids 
were removed by filtration and washed w'rth water (100ml) and diethyl ether 
(2x40ml), to give 7-hydroxy-3-(4^mefl1oxy-phenyl)-2-methyl-chromen-4-one t 
an off-white powder, dried In vacuo, (1.65g) 

LCretehfldn time 2:26 minutes iM+^^^ (Run time 3.75mins) 

N.M.R (DMSO<i6)7.8(dJ[ 8.7Hz Ar^ 7.0(d jS.SHz 

2Ar//) 6.9(d J 8.7 Ar//) 6.8(s ArH) 3.8(s 3OC//3) 2.2(s ZCfh) 

SiepZ 

4HM4-Meth6xyn>henyl)-^^ . 




OH O-M 

Hydroxylamlne hydrochloride (0.35g, Smmol) was added to a 
suspension of 7-hydroxy-3-(4-methoxy-phenyl>-2-methyl-<*romen-4-one 
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(0.14g, O.Smmol) in pyridine (3ml) and the mixture heated under reflux for 
'-4hrs. The solution was allowed to cool and poured into water (50ml) and 
extracted with diethyl ether (50rhl). The extracts were* washed with water (3x 
50ml) and saturated aqueous sodium chloride solution (30ml). The solution . 
was dried oyer anhydrous magnesjum s;ulphate and concentrated to give a 
pale brown gum. 

Crude product was purified by column; chro silica, eluting with 

ethyl acetate/ hexane (1:2), to give a colourtess gum. Trituration with hexane 
gave 4-[4-<4^methoxy-phenyl>^3-methylHsoxazol-5-yl]-benzene-1 , as a 
white powder, dried in vacuo, (Q.b87g) 

LC retention time 2.20 minutes [M+Hr 298^ (Run time 3.75mins) 

N.M.R (DMSO-de) 7.1(d J 8.8Hz 2ArH) 6.85(d J 8.6Hz Ar«) 6.8(d J 8.8Hz 
2ArH)6.25(sAr/^ 6.15(d J 8.6Hz ArH) 3.65(s 3OC//3) 2.15(s SCHa) 

Example 2 

4-Bromo-^[4H[4-m(ethoxy-phenyl^3-me^ 
diol 




OH O-H 

Benzyltrimethylammonium tribromide (3.95g, 1pm 
portion-wise tp an ice cooled suspension of 4^4-{4-methoxy-phenyl)-3-methyl- 
isbxazol-5-yl]-benzene-1 ,3-dlol (Example 1 ) (2.95g, 1 0mmol) in 
dichlommethane (50ml) and the mixture stirred for -^Omins, at room 
temperature. Ethyl acetate (300ml) was added and the mixture washed with 
water (3x200ml) and saturated aqueous sodium chloride solution (50mi). The 
solution was dried over anhydrous magnesium sulphate and concentrated to 
give a pale brown solid. Crude product was purified by column 
chromatography, on silica, eluting with ethyl acetate/ hexane (1:2), to give 4^ 
bn>nio-6-[4-(4-metho)v-phenyl)-3Hrnethyl-isoxazol-5-y^ as a 

white solid, dried in vacuo, (3.42g) 

LC retention time 2.38 minutes. [M+HT 378.2 (Run time 3.75mlns) 
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N.M.R (Acetone-d6) 7.35(s ArH) 7.2(d J 8.8Hz 2ArH) 6.9(d J 8.8Hz 2ArH) 
6.65(sArH) 3.8(s30CH3)2.25(s3C//3) 

Example 3 

. 5-[4-(4-Methoxy~phenyl]h3-methyi-i^ 




5^2,4*Bis-benzylpxy-5-brom<>-ph^ . 
Isoxazole 




Benzyl bromide (0.36ml, 3mmol) was added suspension of 4-bromo-6- 
[4-(4^meth6xy-phehyl)-3-methyl-lsoxazo!-5-yQ-behzeh ,3-dlol (Example 2) 
(0.55g, 1 .Smmol) and cesium carbonate (0.85^. 2.6mmoi) in DMF (5mi) and 
the mixture stirred for ^18hrs, at room temperature. Water (100mi) was added 
and the mixture extracted with diethyl ether (2x3ipml). 1^ combined^xtracts 
were washed with water (4x75rnl) and saturated aqueo 
sioiution (50ml). The solution was dried oyer anhydrous magnesium sulphate 
and concentrated to.giye a pale t>rbWn gum. TrftUraitibri VMth hiexane gave 5- 
(2i4-bls-berizyloxy-545romoi3henyl)-4-<4-methox^^ 
, as ah off^ite solid, dried in vacuo, (0.5g): 
LC retention time 3.013 minutes [M+HT 558.4 (Run tim9 3.75mins) 

N.M.R (Chlorofbnn<l) 7.55(s ArH) 7.35-7.25(m 5Ar/0 7 2(m 3ArH) 6.95(d J 
8.8Hz 2ArH) 6.85Cm 2ArH) 6.7(d J 8,8Hz 2MH) S.SSKs ArH) 4i96(s 2CH2) 
4.6(s 2C//2) 3.75(s 3OCH3) 2.25(s 3CHz) 
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Step 2 

' 5-(4,6-Bis-benzyloxy-biphenyl-3-yi)-4*(4-methoxy-phenyl)-3-methyl- 
isoxazole 

Potassium phosphate (0.1 g, 0 5mm6l) was adde^ 

benzyloxy-54>romo-phenyl)T4H[4-^m^thoxy^ (0.1 4g, , 

0.25mmol) and phenyl boronic acid (0.095g, 0.75nrimol) In 1 .4 dioxan (4ml) 
under a nitrogen atmosphere. Tetrakis(triphenylphosphlne)palladium(0) (cat.) 
Wa3 added and the siispensfdn heated, 80^C fbf --ISIire'^^T^^ sbspbnsibn was 
allowed to cool and ethyl acetate (25ml) added. The mfocture was washed with 
water (3x25ml) and saturated aqueous sodium chloride solution (25ml). The 
solution was dried over anhydrous magnesium sulphate and concentrated to 
give a pale brown gum: Trituration with hexane gave 5-(4,6-bis-ben2yloxy- 
biphenyl-3-yl)-4-(4-methoxy-phenyl)-3-methyWsoxazole as an off-white solid, 
dried in vacuo. . : 

LC retention time 3.08 minutes [M+H]* 554.4 (Run time 3.75mins) 

N.M.R (Chlorofonn-d) 7.4(m 2ArA/) 7.35(s ArH) 7.3-7-1(m 11 ArH) 6.95(d J 
8.8Hz 2ArH) 6.9(m 2ArH) 6.7(d J 8.8Hz 2Arrt) 6.45(^ ArH) 4.9(s 2C//2) 4.7(s 
2C/^>3.7^3 30C«3)2.25(s 3Cffc), ^ / . ^ 

' Step'3 .\ ; -■ v\ ..r • ^-^.^V^-v: - >^ " 

7*Hydroxy737(4-n[iethoxy-phenyl)^2-m 




Amnfionlunri formate (3 JZg, 50mmol)\ras added to a solution of 
bi&-benzyibxy4>lphenyl-3-yl)^4-methoxy-p^ (1 .4g, 

2.5mmol) in methanol (20ml)/ethyi acetate (10ml) under a nitrogen 
atmosphere. Palladium on cart>on (10%) (cat) was added and ttie suspension 
heated, at 60**C for •-18hrs. The suspension was allowed to cool and ethyl 
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acetate (150m!) added, and the suspension flKered. The filtrate was washed 
with water (3x1 00ml) and saturated aqueous sodium chloride solution (50ml). 
The solution was dried over anhydrous magnesium sulphate and 
concentrated to give a pale browri gum. Trituration with methanol gave 7- 
hydroxy-3-(4-methp)(y-phenyl)^2-methyir6-phenyl-chrom 
>AAiite solid, dried in vacuo. 

LC retention time 2.58 minutes [M+H]* 359.2 (Run time 3.75ralns) 

N.M.R (DIVISO-d6)7;9(s ArH) 7.5r7.3(m 5ArH) 7,25(d J 8,8Hz 2ArH) 7.1 
Ar«) 7.05(d J8.8hte 2ArH) 3.85(s 3OGH3) 2.2(s 3CH3) 

Step4 - ■ ■•'•^;"-V .' ■• 

5^[4-(4rMethoxy-phenyl)-3HnethyMso^az6i-5^yl]-bipheny^ 




■OH . O-N - 

Hydroxylamine liydrochloride (75mg, 1.08mmol) was added to a suspension 
of 74iydroxy-3-(4-metiioxy-phenyl>-2-methyl-6-phenyl-KJhromeh-4-one 
(105mg, 0.29mmol) in pyridine (2ml) and the mixture lieated under reflux for 
~6hrs., to give a pale yellow solution. Tiie solution was allowed to oool arid 
water (20mi) added. The mixture was extracted with diethyl ether (2x1 0ml). 
The combined extracts were washed with water (2x20ml) and saturated 
aqueous sodium chloride solution (10ml). The solution was dried over 
anhydrous magnesium sulphatie and concentrated. The crude products were 
purified by column chromatography, silica, eluting vwth ethyl acetate/hexarie 
(1:1.)j to giv(9 the title compound as an off-white powdeir (80mg) 

LC retention time 2.56 minutes [M+H]* 374.3 (Run time 3.75niins) 

N;M.R (Acetone-de) 7.5-7.3(m 6ArH) 7.2(d J 8.8Hz 2Ar«) 7.0(d J 8.8Hz 
2Ar«) 6.9(d J8.6HZ ArH) 6:35(s ArH) 6.1(d «^8.7Hz ArH) 3.85(s 3OGH3) 
2.25(s 3CH3) 
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Example 4 

4-Chloro-644-(4Hnethoxy-phenyl)-3-methyl-isoxazol«'5-yq>ben^ ,3- . 
diol 




Hydroxylamlne hydrochloride (0.7g. lOmmol) Was added to a susipiension 6f &- 
chlon>7-hydrpxy-3-(4rmethoxyi5henyi>-2-methyh^ 

analogously to Example 1 , Step 2] (0.32g, 1 .Ommol) in pyridine (4rni) and the 
mb^re heated under reflux for '^hrsM to give a pale ye^^^^ The^ 
solution was allowed to cool and water (2bml) added. The mixture was 
extracted with diethyl ether (2x1 0ml). The combined extracts were washed 
with water (2x20ml) and saturated aqueous sodium chloride solution (1 Ornl)^ 
The solution was dried over anhydrous magnesium sulphate and 
concentrated. The crude products were purified by column chromatography, 
silica, eluting with ethyl acetate/hexane (1 :1 ), to give 4-chloro-6-[4-(4- 
methoxy-phenyl)-3-methyl-!soxazol-5-yr|-benzene-1 ,3-diol as an off-white 
powder (0.1 03g) 

LC retention time 2.37 minutes [M+H]* 332.2 (Run time 3.75mihs) 

N.M.R (Acetone-de) 7.2(d J 8.8Hz 2ArW) 7.1 5(s ArH) 6.9(d J 8,8Hz 2ArH) 
(B.6(s ArH) 3.85(s 30Cf/3) 2.25(s 3C//3) 

The compounds of Examples 1^ had an HSP90 IC50 in the range A when 
tested in the Malachite Green ATPase assay described below. In the following 
tables, tlie final column gives the result on the same basis for the compound 
in question, except in the case of Example 12b, where the activity quoted is as 
measured in the fluorescence polarisation assay descril^ed below^ 



Examples 5-16 were prepared using the reaction described for Examples 1-4, 
Other details of the preparation Examples 6 and 7 are anaiagous to tlrose of 
Examples 86 and 87. 
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Example 


Structure - . 
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M/so available commeraally from Interbioscreen 
^available commeraally from Enamine 
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** prepared from protected bromo resorcinol intermediate with copper (I) 

cyanide in dimethylformamide atlSO'O 

*** Fluorescence Polarisation Assay: 'A' = <10uM; B' = >10uM 

Example 14 

4.[4-(4*MetHoxy-phenyi)-^-methyMsox£UEol^yn-^ 
1,3-diol . 




was prepared from sty^ 

cx>mp6uhd of Example 2 Step 1 , as described above, followed by reduction 
and treatment with hydroxylamine, analogously to Examples. 

LC retention time 2.56 minutes [M+H]* 402 (Run time 3.75mlns) 

Example 15 ^ 

4-[4-<4-Methoxy-phenyl)-3-methyi-isoxazol-5-yl]-2,6" 
piperazin-1-ylmethyl)-benzene-1,3-dlol 
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Scheme 2 : Mannich reaction 




N-methylpipera2dne (0.125ml. 1.1 mmdl) was added to a suspension of 4-[4:<4- 
methoxy-phenyl)-3-methyl-lsoxazol-5-ylhbenzen^^ .3-dlol (0.15g, 0.5mmol) 
and parafonmaldehyde (0.040g) In i ,4-dioxan (4ml) and the mixture heated 
under reflux for -^IShre.. to give a brown yellow solution. The solution was 
allowed to cool and ethyl acetate (25ml) added. The mixture was washed with 
water (3x25ml) and saturated aqueous sodium chloride solutioh (25ml)L The 
solution was dried pyer anhydrous magnesium sulphate qnd concentrated to a 
pale brown gum. Trituration with hexane, gave 4-[4T(4-methoxy-|3henyl)^ 
rnethyMsbxazol-5ryl]-2,6-biS7(4-m 
(0. 1 21 g) as a pale brown powder. 

LC retention time 1 ^61 nfilnutes [M+H]* 522.6 (Run tim6 3.75mlns) 

N.M.R (Acetone-d6)7.2(d J8.8Hz 2ArH) 6.95(sArH) 6.8(d J8.8Hz 2ArH) 
3.85(s 3OCH3) 3.75(s 2CH2) 3.65(s 2GH2) 2.9h2.p(br s 16 CW2) 2.3(s 3CH3) 
2.25(s3C>fe) 2.2(s3CH3) , , 

Example 16 ; 
2,4-Dihydroxy-5-[4-{4-methoxy-phenyl)-^ 
acid rnethyi ester 



wo 2004/072051 



PCT/GB2004/000506 



35 

Scheme 3: formation of ester > 




n-Butyl lithium (100^1) was added to a soJuUdn of 5T(2y4-bis-benzylpxy-&- 
bromo-phenyl)-4-(4-methb3^-phenyl)-3Hnethyl-feox£^ole (154mg. 0.28mh1ol) 
In tetrahydrofliran (2:5ml) under a nitrpgen atmosphere at -78°C. ^Solution 
stinred at-70»C for 30mlnutes to give an oran^^ The ion was 

quenched with methyl chlorofomiate (1 00^1, 3eq) and allowed to wamfi to 
room temperature for SOmlnutes. The solution was quenched with saturated 
aqueous ammonium chloride (5ml). The mixture was extracted with ethyl 
acetate (3 x 5ml). The combined extracts were washed with water (2x5ml) and 
saturated aqueous sodium chloride solution (5ml). The solution was dried over 
anhydrous magnesium sulphate and concentrated. The crude products were 
purified by column chromatography, silica, eluting with ethyl acetate in hexarie 
(gradient 20% to 60% ethyl acetate) to give 2.4-Bis-benzyloxy-5-[4-(4- 
mettioxy-phenyl)-3-methyl-isoxazol-5-yl]-benzoic acid methyl ester (72mg). 
LC retention time 4.95 rriinutes [M+H]* 536.4 (Run time 7.5mins) 
N.M.R (DMSO-de) 7.8(s ArH) 7.55(d j 7.1 Hz 2ArH) 7.4(t J 6.2Hz 2ArH) 7.35(d 
J 6.1Hz ArH) 7.3(m SArH) 7.1 (m 4ArH) 7.0(s ArH) 0.9(d 8,8Hz 2ArH) 5.3(s 
2CH2) 5.1 (s 2C/fc) 3.78(s OCH3) 3.76(s OCH3) 2.28(s CH3) 

Step2 

Ammonium formate (172mg, 20eq).was added to a solution of 2,4-Bis- 
berizyloxy^5H4-<4-methoxyi)henyl>5HTiethyl-lsoxazol-5-yll-l)enzoi 
methyl ester (72mg, 0-13mmol) In methanol (2ml)(ethyi acetate (1ml) under a 
riitrbgen atmosphere. 1 0% Palladium on carbon (cat) was .added and the 
suspension heated at eCC overnight The solution was allowed to cool. Ethyl 
acetote (5ml) added, solution washed with water (2x5ml) and saturated 
aqueous sodium chloride solution (5ml). The solution was dried over 
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anhydrous magnesium sulphate and concentrated. The crude products were 
purified by column chromatography, silica, eluting with ethyl acetate in hexane 
(gradient 25% to 45% ettiyl acetate) to give 2.4-dihydroxy-5-[4-(4-meth6xy- 
pheriyl)-3-methylrlsoxacx)l-6-yl]-beri2X)lc add mettiyl este^ 
LC retention time 2.49 minutes [IVI+Hf 356:3 (Run time 3.75mins) 
HM.R (CDCI3) 8 = 10.35(8 ArOH) 7.52(s ArOH) 7.12(d JSHz 2Ar//) 6.98(s 
ArH) 6.91(d J8Hz 2ArH) 6.45(s ArH) 3.78(s 3 OCH3) 3.71 (s 3 OCHa) 2.21 (s 3 
C«3).: ■ \ 

The compounds of Examples 14-16 had ah HSP9b 1050 in the rangeis 'A*, 'B' 
and 'B', respectiveily vvhen tested in ttie Malachite Green ATPalse assay . 
described below. 

Sirnllarly, Examples 17-20 were prepared quenching with N-fomnyl piperidine, 
phenyl thioisocyanate, 2-methoxy phenyl isocyanate and benzaldehydei 
respectively. The final deprotection reaction was carried out with boron 
trichloride as described for example 23 (last reaction on Scheme 5). Example 
21 was a by-product from Stepi, Example 16. Quoted activities are ttiose 
obtained in the Malachite Green Assay descn*bed below. 



Example 



Structure 



MH+ 
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17 



HO 




326 



B 



18 




433 



B 



wo 2004/072051 



37 



PCT/GB2064/000506 



19 

■■ 


r 

OH P-N 


447 

- 


A 




OH P-N 






20 


418 


A 




OMe 






21 


OH P-N 


354 


A 



Example 22 

4-Benzyl-6-[4^4-methoxy-phenyl)-3-methyMsoxsu:pl-^ 
diol 




Scheme 4: Synthesis of benzyl resorcinol 




Carbonic acid 2-benzoyi-5-ethoxycarbonyloxy-phenyl ester ethyl ester 
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Triethyl amine (lOrril. 72.2mmo!) was added to a solution of 2,4- 
dihydroxybenzophenone (1) (5.4g,23.3 mmbi) in THF (50ml) and the solution 
cooled to O'^C. Ethyl chlorofomiate (6.9ml, 72.2mmol) was added slowly and 
the suspension stinrred for --aomlns at 0°C, arid for --Shrs at room 
tiamperature. Water (i Sdnril) was added and the mbcture extracted with diethyl 
ether (150ml). The extracts were vt^sheid vvith water (2x 150ml) and saturated 
aqueous sodium chloricje solutipn (1 Opml). The solution was dned over 
anhydrous magnesium sulphate and concentrated to give 4-benzyi-benzene- 
1 ,3-dlol as a pale green gum, solidified on standing, (8.2g). 
LC retention time 2.73 minutes [M+H]* 359.2 (Run time 3.75mins) 

5 (Chibrofomvd) 7.7(m 2ArH) 7.5(m 2ArH) 7.35(m 2Ar«) 7.1 5(m 2ArH) 4.25(q 
J 7.1 Hz 2CH2) 4.05(q J 7.1 Hz 2 CH2) 1 .35(t J 7.1 Hz 3CH3) 1 ^1 5(t J 7.1 Hz 3 
CH3) . 

4-ben2yl-benzehe7l,3Hdiol 




A solution of sodium lx>r6hydride (1 .85g, 49mmol) in water (30ml) was added 
to ah Ice cooled solution of cart>onic acid 2*enzoyl-5-etho>cycarbonyl0xy-^ 
phenyl ester ethyl ester (3.6g, lOmmol) In THF (30ml). the mixture was 
stirred for --eOmins . at 0°C, and for --eOhrs. at room temperature, to give a 
pale red suspension. Water.(1 50ml) was added and the mixture extracted with 
diethyl ether (1 50ml). The extracts were washed with water (2x 1 00ml) and 
saturated aqueous sodium chloride solution (50ml). The solution v\^s dried 
over anhydrous magnesiunri sulphate and concentrated to give a pale yellow 
gum. The gum was taken up In aqueous sodium hydroxide (20ml, 10%), and 
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the solution heated under reflux for ^mlns. The solution was allowed to cool 
and acidified with hydochloric add (5ml, 37%). The mixture was extracted with 
diethyl ether (50ml). The extracte were washed with water (3x 40ml) and 
saturated aqueoijs sodium chloride solutioh (30ml). The solution was dried 
over anhydrous magnesium sulphate and concentrated to give 4-ben:^ 
t>enzene-1,3-diol as a daric red gum, (2.1g). 

LQ retention time 22.Q minuteis [M+Hl* no ion (Run time 3.75mlns) 

5 (Chlorofonn-d) 7.2(m 3ArH) 7.1 (m 2ArH) 6,85(d J 8.1 Hz ArH) 6.3(d J 8.1 Hz 
Ar/f)6.2(s ArH) 3.85(s2GH2) ' 

The 4-benzyl-benzene-1 ,3-diol was u$iBd as ttie sterting material In a^Scheme 
1 synthesis to provide Example 23,. 

•V-v 'Example 23 . 

3H:2,4-pihydroxy-5-[4-(4-methb)Qr^phenyl)-3^inethyI-lsoxazol-5-y^^^ 
phenyO^acrylic ac^d 




Schenie 5: Heck reaction and boron trichloride deprotiection 




Step! 

3-{2/t-Bis-ben2ylo3sy-iH4-<4-meth6xy^phenyl)-3-methyI4soxazol^ 
phenyO-acrylic acid iert-butyl ester 
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Dilsopropylethyl amine (1ml, 5.7rnmol) was added to a suspension of 5h(2,4- 
Bls-benzyloxy-5-bromo-phQnyl)-4-(4-metho^ 

(0-56g, I.Ommol) in tert-butyl acrylate (Imi, 6.8mmol) and 1-butanol (8ml) 
under a nitrogen atmosphere. Dichlorpbls(trl-OHtolylphosphlne)panadium (II) 
(cat.) was added and the suspension heated, 140°C for --IShrs.. to give a 
yellow/green solution. The solution was allowed to cool and concentrated tb a 
yellow/ green gum. The crude product was purified by column 
chromatography, silica, eluting with ethyl acetate/ hexane (1:9), to give 3-{2,4- 
Brs-benzyk>xy-5-[4-(4-methoxy-phenyl>^3-methyl-isoxazol-5-yll-ph 
acid tert-butyl ester as a yellow/green gum (315 mg). Starting material (170 
mg) was recovered. ^ 

LC retention time 3.23 minutes [M+Hf 604.6 (Run time 3.75mins) 

N.M.R (Chlorofonn-d) 7.85(d J 16.1 Hz CH) 7.6(s ArH) 7.4-7.25(m 8ArH) 
7.05(d J 8,8Hz 2ArH) 6.9(m 2ArH) 6.8(d J8.8Hz 2ArH) 6.5(s ArH) 6^35 (d J 
16.1Hz CH) 5.05(s 2CH2) 4.75(s 2C//2) 3.75(s 3OCH3) 2.25(s 3CW3) 1.5(s 
BCCth) 

Step 2 

3^2,4-Dihydroxy-5-[4-(4-methoxy-phenyl)-3-methyl-lsoxa^ 
phenyi}-acryiic acid 

HO^O ^ 

Boron trichloride solution {2ml, 1.0M In dlchlorpinethane) was add^d sloSvly to 
a solution of 3-{2,4-Bls^>er1zyloxy-5-^4-(4-methoxy■phenyl>-3^fnethy^ 
5-yll-phenyl}-acrylic add tert-butyl ester (50mg. O.OOmmol) in dichlbromethane 
(1ml), at -78 °C (dry ice/ acetone) under a nitrogen atmosphere. The resulting 
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solution was stirred for hr at -r78 and for - 90mins. at room temperature. 
The solution was cooled to -78**C and water (2ml) added and the mixture was 
stirred for -SOmins at room temperature. Ethyl acetate (30ml) was added and 
the solution washed with water (2x5ml) and saturated aqueous sodium 
chloride solution (10ml). The solution was dried oyer anhydrous magnesium 
sulphate and concentrated to a pale yellow gum: Trituration with hexane gave 
a yellow solid, solids were removed by filtratk>n and washed with hexane.dried 
In vacuo, to give 3-{2,4-dlhydroxy-5-[4-(4-methoxy-phenyl)-3-m 
5-yii-phenyl}-acrylic add (lOmg) as yellow powder 

LC retention time 2.08 minutes [M+H]* 368.3 (Run time 3,75mins) 

N.M.R (Acatone-de) 7.85(d J 1 6.1 Hz CH) 7-5(s ArH) 7.26(d J 8.8Hz 2ArH) 
6.95(d J 8.8Hz 2ArH) 6.6(s ArH) 6.35 (d J 1 6.1 Hz CH) 3.8(s SQCHz) 2.25(s 
3CHz) 

Similariy, 4-[4-(4-methoxy-phenyl)-3-methyl-Isoxazol-^yQr6-^^ 
benzene-1,3-dioi (Example 24) was prepared by boron trichloride 
deprotection of 5-(2,4-Bis-benzyloxy-5-styryl«phenyl)-4-(4-methoxy-phenyl)-3- 
methyl-isoxazole (prepared from styryl l>oronic acid coupling of bromo 
isoxazoie Intermediate, Example 3)) 




LC retention time 2.08 minutes [M+H]* 368.3 (Run time 3.75mins) 

The compounds of Examples 22 - 24 had an HSI=*90 IC50 in the ranges W, 
'B' and/C respectively when tested in the Malachite Green ATPase assay 
described below. 

Scheme 6 : Synthesis of S-carfaoxamido isoxazoles 
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Example 25 

5-(5-chloro-2,4-dihydroxyphenyl)-4-(4-methoxy-pheny 
carbbxyiic acid ethylamide 




OH O 



Acetic acid (17,5mL) was added drppwise to a suspension of 4- 
chlororesorclhol (42.5g. 0.293mmol) In boron trifluoride etherate (200mL) 
under a nibiogen atmosphere. The reacUon mixture was heated at SO^'Cfor 
3.5 hours and then allowed to cool to room temperature. A solid had fonfied 
after around 1 hour of cooling. The mixture was poured Irrto 700mL of a 10% 
w/v aqueous sodium acetate solution. This mixture was sHnred vigorously for . 
2.5 hours. A light brown solid had fonned which was filtered, washed wth 
water and air-dried ovemight to afford 1-(5-chloro-2.4^ihydroxy-phenyl)- 
ethanone (31.6g.58%). LCMS: [M-Hf 185. 
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Step2 ' • 

1-(2^4-BIs-benzyloxy-5-K:hloro-phenyl)-ethanone. 




OBn O 



Benzyl bromide (30mL) was added to a mixture of 1-<5-<*l6ror2,4-dlhydro 
plienyl)-etlianone (20g, 0.107moles) and potassium carbonate {37g. 2.5 ^ 
equrv) In acetonrtrile (350mL). The mixture was Heated at reflux for 6 hours 
then allowed to cool and stirred overnight. The mixture vras fittered and the 
solids were washed with dichioromethane (3 x l OOmL). The combined organic 
extracts were evaporated in vacuo to leiave a pale yellow solid which was 
triturated vwth a rnbcture of hexane (350mL) / eth^ acetate (15mL) and filtered 
to give an off-white solid, i-(2.4-bis-benzyloxy-5-<jhlorx)-phenyl)-etha^^ 
(35.4g, 90%). 1H NMR {400MHz) consistent With structure. 

Steps 

4-(2,4-6/s^tenzylpxy-&-chlorophenyl)-2-hydrbxy-^^ 
ethyl ester 




Sodium metal (1-35 g, 0.058 mol) was added in small pieces over a period of 
20 minutes to stirred anhydrous ethanol under a nitrogen atmosphere. The 
reaction mixture was then stinred for a further 10 minutes until all the sodium 
had reacted to give a homogeneous solution. 1-(2,4-d/s-berTizy!6xy-5-chlorx>- 
phenyl)-ethahone (10.0g, 0.027 mol) was added in portions over 2-3 minutes 
and the resulting suspension was stirred for 5 minutes prior to addition of 
diethyl oxalate (6 ml, 0.043 mol) which afforded a thidcer, yellow precipitate. 
The reaction mixture was heated to reflux (giving homogeneous brown 
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solution) for 4 hours, then allowed to cool to room temperature arxJ acetic acid 
(6 ml) was added. The resulting which solid fomrts was triturated, filtered, 
washed with ethanol and dried to give a yellow solid (12;0 g. 95%). NMR 
(400 MHz, CDCI3) 6 1.2 (t, 3H), 4.19 (q, 2H), 5.05 (s, 2H), 5.10 (s. 2H), 6.50 
(S, 1H). 7.22-7.41 (m, 1 0H), 7.97 (s, 1H). 

Step 4. 

5^2,4-B;^beh^pxy-5K:hl6roi>henylH^ add ethyl 

ester' 




Hydroxylamihe hydrochloride (0,89 g; 12.8 mmol) was added to a suspension 
of 4-(2,4-£)/s-benzyloxy-5-chlorophenyi)-2-hydroxy-4-oxo-but-2-enoic acid 
ethyl ester (5.00 g; 10.7 mmol) in absolute ethanol (100 ml). The reaction 
mixture was heated at reflux for four hours theii allowed fo cool to ambient 
temperature (during this time the mixture remains heterogeneous but 
becomes lighter yellow in colour). The mixture w«s filtered and the filtered 
solid was washed with water (2 x 20 rhi), iethanol (2 x 20 ml) and dried in 
vacuo at 45 ?C. This affords 5-(2,4-W^ben:^oxy-5rchlorpphenyl)-lsoxazole-a- 
carboxylic add ethyl ester as a fluffy yellow solid, 4.49 g (91%) LGMS: [M+H]* 
466, 464 (^a; ^Cl). ).^H NMR (400 MHz. CDCb) S 1 .42 (t. 3H). 4.42 (q. 2H). 
5.13 (S. 2H), 5.14 (s, 2H), 6.62 (s. 1H). 7.01 (s, 1H). 7.35-7.43 (m. 10H), 8.00 

(s/iH):. '. . : . 

step 5 

5H(2,4-Sls-berizyloxy-5K;hiorophenyl)-isbxazole-3-^ acid 
ethylamide 
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A solution of ethylarnlne in methanol solution (2.0M; 46 mL; 60 rhmol) was 
added to a stin-ed suspension of 5-^(2,44)is-benzyloxy-5-chI^ 
Isbxazole^S-carboxyllo acid ethyl ester (4.40 g; 9.51 mmol) in a^bsoiute ethanol 
(50 ml). The reaction mixture w^s heated to 80 °C (oil-bath temperature) for 
five houris. the reaction mixture was allowed to cool to ambient temperature 
and left to stand overnight A colouriess sblld product formed and the reaction 
mixture v^as ftirther cooled in an ice-water bath, filtered and washed vwth cold 
ethanol (2 x 20 ml). The colourless product was dried in vacuo to afford 5- 
(2,4-fcfe-bejTzyloxy-5-chlonSphenyl)-lsoxazole-3-c3rt)6xylic ac^ ethylamide 
3.42 g (7ft%) LCMS: [M+H]* 465. 463 (^^Cl; ^Cl). NMR (400 MHz, CDCI3) 
8 1.25 (t, 3H). 3.48 (m. 2H). 5.10 (s. 2H), 5.2 (s, 2H), 6.59 (s» 1H), 6.83 (brt. 
1H). 7.08 (s, 1H), 7.30-7.41 (m, 1 0H), 7.97 (s, 1H). 

Step 6: 

5-(2Ai3;s4>enzyloxy-5-chlor6phenyl)^brompHspxazole-^^ 
acid eth^amide 




A solution of bromine in acetjc add (0.6M; 7.2mU 4.32 mmol) was added to a 
• stirred suspension of 5-(2,4-B/s-benzyloxy-5-chton>phenyl)-^ 
isoxazole-3-cari)oxyllc add ethylamide (2.00 g; 4.32 mmol) and sodium 
acetate (0;708 g, 8.64 mmol) in acetic add (30 ml) at ambient temperature. 
The mixture was heated to 80 *»C and becomes homogeneous within 5-10 
minutes, to afford a dark red solution. After heating for 2.5 hours the solution 
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was yellow in colour. TLC analysis showed starting material and product 
present. A further 2.0 ml (1 .2 mmol) of the bromine in acetic acid solution was 
added over the next two hours. The reaction mixture was allowed to cool to 
ambient temper^tuiB and acetic acid was removed in vacuo to afford a solid 
residue, wliich was partitioned between.ether (200 ml) and water (200ml). The 
phases were separated and the organic phase was washed with water (3 x 
lOOhii), saturated aqueous sodium bicarbonate s^^ 

saturated sodium chloride solution (1 x 200 ml). The organic phase was dried 
bversodium sulphate, filtered and the were removed in vacuo 

to afford a yellow oil which was purified by flash chromatography on silica gel. 
eluting with 1-20% ethyl acetate in hexane. This affords product as colouriessf 
soild^ i g (52%) LCMS: [M+#^^^ 

CDCI3) 5 1.26 (t lH), 3.50 (m, 2H), 5.01 (s, 2H). 5.12 (s, 2H), 6.62 (s, 1H). 
6.74 (brtlH), 2.28-7.4^^ 

:''step7 . . \ . . 

5-(2,4-S/s-benzyloxy-5-chlorophenyl)-4-(4-methoxy-phenyl)-isoxazoie-3- 
carboxylic acid ethylamide 




To a mixture of 4-methoxyphenylboronic acid (0.1 78 g, 1 . 1 7 mmol) and 5^2,4- 
Bfe-benzyloxy-5<*ilorophenyl>-4-bn3moHsoxazole-3K:ar^ 
ethylamide (0.507 g, 0.94 mmol) was added sodium hydrogen carbonate (237 
mg, 2.82 mmol) followed by DMF (5 mL) and vy^ter (1 .0 mL). The mixture was 
degassed by evaou^tipn and flushing woth nitrogen (three times), followed by 
bubbling nitrogen gas through mixture for five minutes. 
Dlchlorob/s(triphenylphosphine)palladium (II) (66 mg, 0.094 mmol) was added 
and reacUoh mixture was heated under a nitrogen atmosphere at 90^C for 
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two hours (reaction mbcture becomes daric brown in cx)lbur). Another 10 mg of 
dichlorod/s(triphenylphosphine)paliadtum (ll) was added and reaction mixture 
was heated at 90 °C for 15 hours then allowed to cool to ambient 
fernperature. The majority of solvents 'were removed in vacuo and the residue 
was partitioned between ethyl acietate (50 mL) arid Water (50 mL). This 
mbcture was filtered through a pad of celite to renriove palladium residues and 
then the phases were separated and Uie origanic phase was washed with 
water (2 x 30mLX saturated ac^ueous sodium chforide isbliition (50 mL) then 
dried ovi5r sodium sulphate. The mixture wais filteir^d arid the filtrate splverits 
were removed in vacuo to afford a yellow oil (598 mg). The crude reacHon 
product was purified by adsoiptlon onto silica gel then flash chiiDrtiatography 
on silica gel (20 g 1ST) eluting with a solvent gradient of 1 to 20 % ethyl 
acetate in hexane. This aiffords 5-<2,4-S/s^benzyIoxy-5-<:hlorophenyl)-4-(^ 
methoxy-phenyl)^isoxazole-3K:arbbxyIlc add ethylamide ias a colourless solid 
(0.223 g, 40yo). LCMS: [M+H]* 571. 569 (^Cl; ^^Cl). NMR (400 MHz, 
CDCI3) 6 1 .21 (t. 3H), 3.44 (m, 2H), 3.79 (s, 3H), 4.73 (s. 2HX 6,45 (s. 1 H). 
6.65 (t, 1H). 6.80 (d, 2H), 7.14 to 7.44 (m. 8H), 6.95 (m 2H). 

Steps . 

5-(5-tehloro-2,^dihydroxyphenyl)H4-(4^ 

carboxylic acid ethylamide 



HO, 




OH O-N NHEt 

To an ice-bath cooled solution of 5-(2,4-S/s-behzyloxy-5-chlorophenyl)-4-(4- 
mettioxy-phehylHsQxa^le-3K:art)oxylic add ethylamide (0.21 3 mg, 0.374 
mmol) in dichloromethane (5 mL) uruier a nitrogen atmosphere was added a 
1.0M solution of Boron trichloride in dichloromethane (1 .12 mL; 1 .12 mmol). 
The reaction mixture was stirred at 0 **C for 15 minutes then at ambient 
temperature for 35 minutes. The reaction mixture was re-cooled to 0 °C and 
quenched by the addition of saturated aqueous sodium hydrogen cartK>nate 
solution (5 mL): After stirring for 5 minutes the dichloromethane was removed 
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in vacuo and the residue was partitioned between etiiyl acetate (30 mL) and 
water (30 mL). The phases were separated and the organic phase was 
washed with water (30mL), saturated aqueous sodium chloride solution (30 
mj-X then dried ovjer sodium sulphate. The mixture was iFiltered and the filtrate 
solvents vyere removed 7n yac£/o to alTprd colpuriess solid Nvhich 

was purihed by adsorption.onto silica gdi then flash chronriatography on silica 
gel (1Q g 1ST) eluting with 50 % ettiyl acetate in hexane. This aiffords 5-(5- 
chlorp-2i4-d{hydroxyphenyl>-4^ acid 
ethylamide as a colouriess solid (0,097 g; 67%). LCMS: [M+HJt 391 , 389 
(^^Cl; ^Cl). NMR (400 MHz, de-DMSQ) □ lil<t 3H). 3.22 (m. 2H), 3.73 
(s, 3H), 6.59 (S 1H). 6.87 (d. 1H). 7.13-7.17 <m.;3H). 8.8a (br t;^^ 
1H). 10.182 (s,1H). V 

Exaniple 25 had aetivity ^A' in the Ruoresoence Polarisation Assays 
described, below. ; 

Similarly, Exiample 26 was prepared by coupling the Boc protected 4- 
piperazlndphenyi boronate ester as above. This boronate ester was rhade 
from 1-(4-bromophenyl)piperazine by boc protection followed by boronate 
ester formation by PdKjatalysed coupling with bis(teb^ 
diboroh. Example 27 was made similariy. Example 27a was niade by 
deprotection of 5-(2,4-S/^ben2^oxy-5-chlorophenyl)-4-bromo-isoxazole-3- 
carboxylic acid ethylamide: 



E}»mple 


Sthicbjife ; . 


MH+ 


Hsp90 
IG50* 


26 




443 


A 
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27 


a 

|l 

o 


s6 

O-N 


377 


A 


27a 


CI 

OH 


1 Br o 
1 O-N " 


362 





* Fluorescence Polarisation Assay 



SchenieT: Preparation of 5-(2,4^^^ 
methyl-Isoxazole Intermediate 




Example 28 

4-Chlorc>-6K3-meihyl-4-{3-moipholin-4-y^ 
behzene-1,3-diol 
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Step1 

iK2,4-Bls-benzyloxy-5-chloro^phenyl)-3.hydroxy-but-2-en-1-one: 

To a solution of ketone (15g) in EtOAc (200ml) was added sodium metal 
(3.0g) in small pieces. The suspension was stinred at room temperature for 
1 5mins, then heated to reflux overnight The reaction was quenched with 
acetic acid, and the yellow precipitate filtered. This was triturated in hexanes 
to give briglit yellow cr^tals. NMR Indicated this was the required product - 
mostly in enbl fonm - small trace of keto form. ' 

Step 2 

5-(2,4-Bis-benzylo3^-5-chloro-phenyl)-3HnethyM^ 

The diketphe (4.0g) was suspended in 80% aq EtOH. Hydro 
hydrochloride {3.4g) and sodium acetate (4.0g) was added and the pH 
adjusted to 8/9 with 2M NaOH. The solution was refluxed for 24hrs (difficult to 
monitor by TLC due to very similar Rf values) After this time the solution was 
acidified to pH5 with 1M IHCI and poured into water. The white precipitate was 
filtered, washed with water, and triturated with hexane to give a white solid. 
Notes; Compound can also be washed with ether if necessary to remove trace 
impurities but not usually required . NMR indicated this to be the required 
product. 

Steps 

5-(2,4-Bls-benzyloxy-5-chloro-phenyl>4-iodo-3-methyl-i^ 
Isoxazple (2g) was placed in a mixture of acetic acid (24ml) and water (30ml). 
lodinembnochloride (2g exdsss) was added and the solution heated at 80^C 
for 2-3hrs. After cooling to room temperature 10% NazSOa (Sodium sulphite) ; 
in water was added (50ml). A viscous orange solid/oil was separated from the 
mixture and v^s washed with water, it was then dissolved in acetone and 
filtered. Removal of the acetone under >^cuum gave a sticky oriange oil which 
solidified to a orange solid overnight NMR and LCMS indicated this was the 
required product. 
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Step 4 

3-[5-<2,4-Bis-benzyl6xy-5-chlorp-phenyl)-3-methyi-iso^^ 
behzaldehyde 




OBn O-N 

5-<2,4-Bls-benzyloxy-5-chI6rx>phenyl)-^ 

0.38mmol), and 3-fomiylbenzene boronic acid (85mg, 1 .5 equiv.) were 
dissolved in DMF (12ml) before 1M Sodium hydrogen carbonate solution 
(1.1ml, 3.0 equiv) and Pd(Ph3P)2Gl2 (21 mg, 0.08 equlv.) were added with 
stirring. The reaction mixture was transfenred to three microwave tubes which 
were sealed and the mixtures within degassed before being irradiated by an 
initial power of 200W to a temperature of ISO'^C for 15 minutes in a CEM 
microwave apparatus. Upon cooling the reaction mixtures were combined and 
partitioned between eth^^ acetate (10ml) and water (l Oml). The aqueous layer 
was separated and extracted again with ethyl acetate (10ml). The organics 
were then combined washed with water (2 x 20ml), brine (20ml), dried over 
Na2S04 before being condensed in vaccuo and purified by flash 
chromatography on silica gel^ eluting with 25% ethyl acetate in hexane. 

LCMS tR = 9.06. MS m/z 510.4 [M+Hf 

Step 5 

4K3*[M2,4-Bis-benzyloxy-5s:hioro-phenyl)-3-methyMs 
benzyl}-moipholine 




OBn O-N 
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3- [5-(2,4-Bis-benzyloxy-5-chloro-phenyl)-3-methylHS^ 
benzaldehyde (25mg, 0-05mmol) and morpholine (0.3ml) were mixed with 
DCE (0-5ml) in an microwave tube. Sodium triacetoxyborohydride (15mg, 1.4 
equlv) w^s added, the tube sealed, and nitrogen atmosphere introduced. After 
1hr more sodium triacetoxyborohydride (15mg) was added and the reaction 
left stirring overnight. TLC analysis showed that the reaction had not gone tb 
completion so a drop of acetic acid was added and the reaction again left 
stining ovemight iafter which the reaction was quenched witiri 1 M NaHGOa 

^ solution (7ml) and extracted into EtOAc (5ml). This wras dried over MgSp4 and 
the solvent removed in yaccao to provide ISnrig of the crude product as an off 
white |k>wder which was taken ^o^ 

."Step 6 

4- ChloroHi-[3-rnethylHH3-moipholin-4-yimethyl-phenyl^ 
behzene-lyS-dior : 




OH O-N 



4^3-[5-(2;4-Bis-benzyloxy-5K^loro-phenyl)-3-methyl-is6x 
morpholine was deprotected as previously shown arid the crude purified by 
preparative TLC eluting with 10% Ethanol in dichtorornethane to provide 
0.6mg (7% yield) of the product as a white powder; 

LCMS tR = 5.46. MS m/z 399.3 [M-HT 

Example 28 had activity 'A' iri the Fluorescence Polarisation Assay, as 
described below. 

Example 29 

1-*{3-[5-(2,4-Bls-benzyloxy-5-chloro-phenyl)-3-^ 
benz^}-pipericline-4-carboxylic acid amide 
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q 

BnO 




OBn O-N 



Preparied in using a similar procedure to 4^lbro-6-[3-rnethyl-4-^3"nriorphorin- 
4-ylnriethyl-phehyl)-isoxazoK5-y|l-benzene-1 ,3-dlol except that 
isonlpecotamide replaced the morpholine and the sodium 
triacetoxyborohydride (3 equiv.) and acetic acid (1 drop) were added initially. 
The reacQon was complete after IShrs and the crude obtained after Work up 
was taken over to the deprotecAlon step. 

1-^3-[5-(5-Chloro-2,4-dihydroxy-ph&nyl)^^ 
piperidlne-4-carboxylic acid amide 




0 



.C0NH2 



OH O-M 

1-^345H;2,4-Bls-benzyloxy-5-chloro-phenyl>-3HTiGttiyl-^ 
pipdridine-4K»rt)6xylic acid amide was deprotected.as previously stiown and 
the crude purified by preparative TLC elutirig with 10% Ethanol in 
dichlorornetharie to provide 0.7nrtg (3% yield) of the product as a white 
powder. 

LCMS tR = 5.36, MS rnte 442.3 [M+H]* 

Exampie 29 had activity 'A' In ttie Fluorescence Polarisatiori Assay, as 
described below. 
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In a similar way. example 30 was prepared: 



Example 


Structure 


MH+ 


Hsp9.0 
IC50 


30 




359 


A* ; 



• Fluorescenoa Polarisation Assay 



Example 31 

Scheme 8: 




5-<2.4-^ls-ben2yloxy- add iethylamide 

(0.90g. 1.94mmo|X rsModosuccinlmide (0.44g. 1 equiv.) and Ammonium 
cerium (IV) nitrate (0.53g. 0,5 equlv) were suspended in Acetonitrile (55ml) 
before heating to reflux (oil bath lOOoC) where upon the mixture became 
homogenek)us. After 18hrs the solution was cooled and the solvent removed 
in vaccuo to gIVe a thick orange oil. This was partiaoned between DCM (25ml) 
iand water (10ml), the organic layer was kept and washed with brine (2 x 25ml) 
before dryingi over Na2S04. The DCM was removed in vaccuo to provide 
0.88g (77% yield) of the product as a orange/tan coloured powder. 
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LCMS tR = 8.75, MS m/z 589.1 [M+Hf 
Step 2 

1-(3!-Bromoriphenyl)-4-methyl-piperazine : 




1,3-Dibromoben2ene (0.90ml, 7.49 mmol), /^-methylpipenazirie (0.2 - 
2.50mmol) and anhydrous toluene (7ml) were added by syringe to a dry, 
argon filled flask The solution was thoroughly mix0d before BINAP (47mg) 
and Pd2dba3 (23mg) were delivered and the flask refilled with Argon and DBU 
(0.93g, 2.5 equiv.) added via syringe: The reacti^^ 

60°C before freshly ground sodium tertbutoxide was added In ope portion to 
start the reactfon. The reaction was left stirring at 60^G ovemlght and the TLC 
analysis appeared to show that some piperazine was still present so the 
reaction was heated to lOO^C and stinred for another 24hrs after which it was 
partitioned t>etweeri EtOA6 (20ml) ah^ \A^ter (2brnl). the aqjueous layer was 
extracted again with EtDAc and ttieT combined brganics We^^^ wsi^hed vvtth 
1.6M riCl solutloh (2 X 10ml). The acidic soluHon containing the product was 
then t>asified first with a similar >^lume of 1M NaOH solution to acid solution 
and then carefully solid sodium t>icarbonate was added to make the pH=8,5 
fciefore extraction back into EtOAc (2 x 1 5ml), which was washed witii brine,; 
dried over MgS04 sand evaFK)rated to dryness tp provide O.SOg (78% yield) pf 
the purie product as a yellow oil. 

LCMS tR = 4.65. MS nri/z 255.4/257.3 [M+h^^^ 

Steps 

1-MethyI-4^3K4A5,5.tetramethyK1,3,2]dloxal^^ 
piperazine 
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N N 



To a solution of PdCfe (clppf).DCM (iOmg. .0.012 mmol) in ahhydious toluen^ 
(4ml) in an argon filled sealed microwave tube was added tlie 1-(3-Bromo- 
phenylH-methyl-piperazine (100mg^0.39mmol), EtsN (0.11ml, 2 equiv.), and 
4,4.5,5-tetramethyl-1.3.2<lioxaborotane (p.09ml, 1.5 equiv). The microwave 
tube was evacuated and backfilled vwtb Argon before being inradiated in a 
CEM Microwave reacto^ at 10p°C for Ihr using an initial power of 200W. The 
reaction mbcbjre yvas partttioned between more toluene (6ml) and water 
(10ml). the organic layer separated, washed with water (1 x 10ml), dried over 
MgS04 and then evaporated in vacuo to leave a purple/brown residue whicii 
was used for suzuici coupling without further purification. 

LQMS tR = 0.97, MS m/z 303.5 ny/I+H]* 
Step 4 

5-(2,4-Bls-benzyloxy-5K;hl6ro-phenyi)-4-[3H[4-methyl-piperazln-1-yi>- 
phf nyi]-isoxazoie-3-carboxyilc acid ethylamide 




5-(2,4-Bis-b^nzyioxy-5K:hloix>-phenyl)^^ acid 
ethyiarhide (38mg, O.OTmmol) and 

[1,3,2]dioxaborolan-2-yl)-phenyfl-piperazine (31 mg, 2 equiv.) were cpupied 
together using the suzuJd method previously described to provide 37mg (83% 
yield) of the crude as a brown oil which was taken on to the deprotectidn stepl 



Step 5 

5K5-Chloro-2,4<lihydroxy-phehyl)-4-[3<<4-nnethyl-piperazin-1-^ 
isoxazole-3-carboxylic acid ethylamide 
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5-(2 ABis-benzyloxy-5-chlbro-phenyl)-4-i3-(4-methyI-piperazin-1 ^>d)-phenyl]- 
lsoxazole-3-carboxylic acid ethylamide was deprotected as previously shown. 
The precipitate fomried during the reaction was separated, partitioned betweeri 
EtOAc and water. The aqueous layer was kept baslfied using solid sodium 
hydrogen carbonate and the product extracted using EtOAc (2 x iOml). The 
combiried organics were washed with brine (IOml) dried over MgS64 and 
evaporated in vaccuo to provide 5.2mg (20% ^eld) of product as a tan 
coloured powder. 

LCMS tR = 5.58, MS m/z 457.3 [M+H]* 

5h (d^-MeOH). 7.17 (1H. m. Ar-H), 7.09 (1H, s, Ar-H). (5.94 (1H, m, Ar-H), 6.80 
(IH, m, Ar-H). 6.49 (iH, s; Ar-lN). 3.13 (4H, t, NC/^CHaN-CHa). 2.69 (2H, q, 
CONHCMiCHa). 2.61 (4H. t. NeH2CH2N-CH3)/2.37 (3H, s/NdHzCHzr^^iH^^^ 
1.19 (3H, t, CONHCffeCHa). 

Example 31 had activity 'A' in the Fluorescencie Polarisaiipn Assay, as 
described t)elow. 

Examples 32^ 38 in the Table below weire prepared, similariy. but with the 
following variations: 

1 . For Example 36, the dioxabordlan intermediate was prepared as 
follows: 
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Scheme 

Me 



KOAc 
DMSO 






... Br . . Br - . r?^'^ 

1-(4-Broino-phenyl)-4-methyl--piperazine . 

Br. 

.1-{4-BrpmcHphenyl)Tplperazino (1g, 4.1mmpl) and.ppjtasslum cartionate (1,8g, 
3eq) In DMF (15ml) treated with methyl iodide (250m^ ■ 
solution stinred at room temperature overnight. Reaction quenched with 
deionised water (10ml). extracted with ethyl acetete. Orgariicphase washed 
with sodium h^rogen carbonate to remove any dimethylated. impurity, dried 
and solvent iennioved to give 1-(4-Brbmo-phenyl)-4-methyi-piperazine.in 73% 
yield. 

LC? retention time 2.21 minutes [M+HQ+ 256 (Run time 3.75mins).: 

Step 2 

1-Methyi-4-[4-(4A5,5-tetramethyl-[i,3,2]dioxaboro^^^ . 
piperadne 



O-B 
O 
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1-(4-Bromo-phenyl)-4-methyl-plperazine (750mg, 3mmol) in DMSO (15ml) 
with bis(pinaGolalo)dil)oran (1 .1 g, 1 .5 equivalents) and potassium acetate 
(900mg, 3 equivalents). Suspension degassed, before.treatmeht with 
iPdCI2(dppf) (cat), stirred at 80C. Additional bis(pinacolato)dil)6ran (1 eq) 
added after Shours. stined for a further 2hours. Suspension partitioned 
between ethyl acetate and water. Purification by column chromstography 0- 
6% methanol gradlent in dichloromethane to give 1-Methyl^[4-<4,4.5,5- 
tbtraiTiethyl-[1 ,3,2]dioxaboiolan-2-yl)-phenyl]-piperazine in 629^^ 
LC retention time 1 :83 miriutes [M+H]+ 303 (RUn ti'me 3,75miris). 

2 For examples 37 and 38, a bbrorilc add Intenrnediate was used instead 
of a djaoxaborolan, the former being prepared as follows: 

4-[(2-Methylsulfonyl)-ethylaminomethyl]-phenyI boronic acid 
(intermediate for Example 37) 

NHa-Ha 

O O 





^ Et3N.EtOH 

4-AminQmethyl phenyl boronic acid hydrochloride (560mg, 3mmol) in ethanol 
(5ml) was treated with metiiyl vinyl sulfone (260pl, 1 equivalent) and triettiyl 
amine (1 .2ml, 3 equivalents). The solution was stined at 1 0OoC for 2hrs. 
Ettianol removed under vacuum, partitioned in water and butanoi to give 4-[(2- 
methylsulfonyl>-etiiylamlnomethyl>phenyl boronic acid in 94% yield. 
LC retention time. 0.39 minutes [M+H]+ 258 (Run time 3.75mins). 



4-[N-methy S,S-dloxo-thi6morpholino]-phen^ boronic acid (Intermediate 
for Example 38) 
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.9 




NHa-HCI 



o o 



EysI.EtOH 




HO'^^OH 



4-Aininomethyi phenyl t)oronic add hydrochloride (456mg; 2.4mmol) in 

ethanol (8ml) treated yvtth vinyl sutfone (244|jl. 1 equivalent) and triethyiamine 

(2eqgivalentsiX.sdiuUpn stin«d at lOOC for 3hrs. Ethanol removed under 

vacuum, partitioned in water and butanol to give the product in 88% yield: 

LCretentiori time 1.65 minutes [M+H]-*- 270 (Run time 

Smins). 



Example 


Sthjcture 


MH+ 


Hsp90 
IC60* 


32 


"°v-^' llr 

n-\ 


409 
411 


A 


,33 




410 
412 


•..•A.,:. ■ 


34 


OH O^^^^ 

H \ 


360 
362 


A 
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35 


HO r=\ 


409 
411 


A 


36 


: - 0, ; 

OH O-N ^ 


457 
459 


A 


37 


J, s — 
CI ^Th o 

HO i>--f 

H \ 


494 
496 


■':>-A ■ 


38 


' HO ^^>-f 


506 
508 


A 



Exainple 39 



Scheme 9: 
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Step1 

5-(2,4-Bis-benzyloxy-5H;hIoro-phe~nyi)-4-(3^hloro-phenjriHs 
carboxytic acid ethylamide 




5-(2 ABis-benzyIoxy-5H:*iloro-phenyl>-4-bromo-|soxa2»le-3^ acid 
(ethylamide (60rrig. 0.1 1mmol). and 3-chlorobenzene borohic.acid (23mg. 13 
equlv.) were coiipied together using the suzuid method previously described. 
to provide 35rTig (55% yield) of the crude as a brown powder v\^ich was taken 
on to the next step. 

Step 2 ■ . ■ . 

[5r(2,4-Bis-benzyloxy-5-chloro-phenyl)-4K3-chl6ro-ph^ 
ylmethyq-ethyl-amine 




To a solution of 5-(2.4-Bte4}en2^ky-5-chk>rx>-phenyl)-4-<3-diloro-phenyl)- 
isbxazolfS^S^rboxylic add ethylarhide (36mg.:0.06rrunol) in anhydrous THF 
under argon Mvas added 1KA Borar^THF complex . (1ml) and the solution 
refluxed overnight After cooling the solution was poured on to a (solute® SPE 
Flash SCX-2 5g column which was qinckly eluted with rnethanol (2 x 20rnl). 
The desired product was then recovered by eluting writti a mixture of 10% 
ammonia in methanol (2 x 10ml) which was evaporated //i vacct/o to provide 
23mg (65% yield) of a light yellow powder. 
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LCMS (LCT) tR = 8.1 8, MS m/z 558.8 [M+H]t 

Example 39 had activity W m the Fluorescence Polarisation Assay, as 
described below: ? 



Example 40 was similariy jDreparedri 



Example 


Structure 


MH+ 


Hsp90 
IC50* 


40 

T 




375 
377 


A 



■ Fluorescence Polarisatioh Assay 



Example 41 

Scheme 10: 
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Step1 

5-(2,4-Bis-^benzyioxy-5-^hloro-phenyl)-4-(4-formyl--phenyl)- 
isoxazole-3-carboxylic acid ethylamlde 




5H[2,4rBiSrbenzyloxy-5-chlorc^phenyi)-4^iodc^ acid 
ethylamlde (prepared as for Example 31 ) (2 g. 3:4 mmpi), 4-formylboronic 
acid (0.612 g, 4.08 mhiol), NaHGOa (10.^ ml, 1M aq. solution, 10.2 mmol), 
PdCl2(PPh3 )2 (1 19 mg, 0.17 mmol) and DMF (50 ml) were combined. The 
mixture was then degassed by bubbling N2 through it for 5 minutes before . 
being heated at 80^C for 1 hour. The mixture was then evaporated in vacuo 
arkl partitioned between EK5Ac (3 x 50 ml) and water (50 ml). The opmbined, 
dried (NaaSO^ organics were evaporated /n vacuo td give a crude oil. This 
was dissolved in EtOAc and passed through a plug of SiOa^ washing through 
with EtOAc. The filtrate was evaporated. /n vac£/o and thie resulting oH 
triturated with EtaO to afford 5-(2,4-Bis-benzyloxy-5-chloro-phenyl)-4-(4- 
foni(iyl-phenyl)-isoxazole-3-cart>oxylic^a^ g, 82%) as a 

pale coloured solid; LC/MS: RT = 2.908 min, 567.3 (MH*). 

Step 2 

5-(2,4-Bis-berizyloxy-i5-chlor«>-phenyl)-4-(4-mbrphoilri^ , 
phenyl)»isoxazole-3-carboxylic acid ethyiamide 




Acetic acid (0.37 ml, 6.44 mmol) was added dropwise to a mixture oi 5-{2,4^ 
Bis-benzyloxy-5K:hlorD-phenyl)-4-(4-formyl-phenyl)HSOxazole-3-carb^ 
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add ethylamide (730 mg, 1.29 mmol), morpholine (0.225 ml. 2.58 mmol), 3A 
powdered molecular sieves (730 mg) and MeOH (21 ml). This was left to stir 
ov^rnlght under N2. The mixture was then evaporated in vacuo and the 
resultant cmde partitioned between CH2CI2 (3 x 40 ml) and sat. NaHCOa 
solution (40 ml). The combined, dried (Na2S04) organlcs were evaporated in 
vacuo to give cmde 5-(2,4-Bls^Deh2yloxy-5K:hloro-phenyl)-4-(4^morphol^ 
^iTiethyl-phenyi)-isoxazDle-3-cart)0}^ic acid ethylamide (810 mg) as a yellow 
solid, LC/MS: RT = 2.365 min. 638.4 (MH*). 

Steps 

5-(5-Chloro-2,4-dihydroxy-phenyl)-4-(4-morphplin-4-ylmethyi-phenyi)* 
isoxazolerS-carboxyiic acid ethylamide 




BCis (1 M sol. in CIH2CI2. 3.87 mi, 3.87 mmol) was added dropwise to a 
solution of the crude 5-(2,4^Bis-ben^oxy-5-chloro-phenyl)-4-(4-morphoiin-4- 
ylmethyi-phenyi>-is6xa2ole-3-cai1x>xylic dcid ethylamide (810 mg, ~ 1 .29 
mmol) in CH2CI2 (30 ml) at O^C. The reaction was then allowed to reach RT.. . 
Saturated aqu^us IMaHCOa (40 mi) was then added slowly and the resultant 
mixture concentrated in vacuo. This was then pkirtitioned between EtOAc (3 x 
50 mi) and water (50 ml). The combined, dried (Na2S04) organlcs were 
evaporated in vacuo. Flash chromatography lilting with Ci-lzCb - l6%MeOH 
/ 1% NH3 / CH2CI2 afforded 5^5-Chloro-2.4-dihydroxy-phehyi><4-(4-nrK>rph6iin- 
4-yimethyl-phenyl)-isoxazole-3-cart}oxyric add ethylamide (380 mg, 64% over 
2 steps) as a yellow foam, LC/MS: RT = 1 .751 min. 458.2 (MH*). 

Example 41 had activity 'A' in the Fluorescence Polarisation Assay, as 
descrit)ed below. 
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In the following Table. Examples 42-64 were prepiared by methods 
analogous to Example 41, using the appropriate aldehyde or ketone. 



Exiample 


Structure. . 


MH+ 


Hsp90 
IC56* 




HO_P ^ 
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0 
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51 
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• ^Fluorescence Polarisation Assay 

• **prepared from ethyl resorcinql starting material 



wo 2004/072051 



71 



PCT/GB2004/000S06 



Additional compounds 41a-s were prepared by methods analogous to 
Example 41: 



Example 


Structure 
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Hsp90IC50* 
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• * Flua^scence Polarisation Assay 

• ** prepared from ethyi resora'nol starbngmateriai 



wo 2004/072051 PCT/teB2604/000506 

• 74 . 

• *** prepared by reduction of the aldehyde intermediate 

• **** prepared by alkyation of the Intemiedlate phenol 

• ***** prepared from the naphthyl aldehyde 

jExample 65 



Reaction scheme: 




Stepi 

1-(^4-Bls4»enzyloxy-phenyl)-ethanono 
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BnO 




OBn O 



35g of 2,4Hdihydr6xyacetophenone (0.230 mdl, 1eq) were dissolved in SOOml 
acetonrtrile. 79.5g of potassium carbonate (0.575 mol. 2.5eq) and 86.6g 
benzyl broniide (0.506 mol, 2.2eq) were added. The mixture .was refluxed for 
64 hours, cx>oled down and acetonrtrile removed under reduced pressure. The 
residue was separated between water and ethyl acetate. The residue was 
rriainly mono4)enzylated resorcinol. 

The crude product (43g) was then dissolvied In 250mi DMF. Potassium 
carbonate (29g, 0.210 mol, 1.2eq) and 25ml benzyl bromide (0.210 mol, 1.2 
eq) were added and the mixture was stinned over night The solvent was 
removed under reduced pressure and the residue was separated between 
ethyl acetate and water. After removal of the solvent, the residue was 
triturated with hexane to remove excess ben2^ bromide. 
LC-MS [M+H]+ = 333 
Yield: 51 .2g (67%) 

Step2 ■ '^'-.^^ 
lH(2,4^Bis-benzyloxy-5-bronrio-phenyl)-^ 




OBn O 



51 .2g of 1r(2,4-Bls-berizyloxy-phenyl)-ethanohe (0.154^m^ 1eq) were 
dissolved in 250ml DMF. 27.42g N-bromosuccinlmide (0.154 mol, leq) 
in 100ml DMF were added dropwise. The mixture was stirred at room 
temperature over night The reaction mixture was poured onto 700ml of 
water and the precipitate filtered off. The filter cake was rinsed 
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vyater and the colourless solid was recrystallised from 370mi 
acetonitrile. . 
LC-MS'[M+H]+ = 411 & 413 
yield: 58.15g (92%) 

:; Step.'3' - ' ■ -T :v 

4-(2,4-Bis-benzylb}c/-5^bromo^l>henyij^^^^^ 
ester ■■ ^. ^ : ■. 



Br 




OBn O . Q 



9.7j5g sodium,(0.424 mol, 3eq) were dissolved In 500ml absolute 
ethanol (1.5 hours). 58g of 1-(2,4-Bis-benzyloxy-5-bromo-phenyl)- 
ethanone (0.141 mol, leq) and 30.98g diethyl oxalate (0.212 mol, 
1 .5eq) were added and the mixture was refluxed for 2 hours. After 
cooling down, the mixture vy^s poured onto 220ml of 2N atjueous HCI 
and the.productwas extracted Into 700ml dichloromethane. The solvent 
was removed under reduced pressure and the yellow residue was 
triturated with 15dnhrdiethyl i^thldr, 
Yi6ld: 69.24g (96%) 

1H NMR (400 MHz. CDCIS) 8 1.27 (t, 3H). 4.27 (q. 2H), 5.13 (d. 2H). 6.64 (s. 
1H). 7.37 (m. 10H)i 8.17 (s, 1H). 
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Step4 

5^(2,4-Bis-'beQzyloxy-5-bromo-phenyl)his6xazole^3-caH}oxylic acid ethyl 
ester . ; 




69.3g of 4-(2,4rBis-benzYloxy-5-bromo-phenyl)-2,4-dloxo-butyric acid 
ethyl ester (0.135 mol, 1eq) were dissolved In 750ml ethanol. 14.1 1g 
hydroxylamlne hydrochloride (0,203 mol, 1 .5e!q) were added. The 
mbcture was refluxed for 2.5 hours and cooled down. It was then poured 
onto lOOOmI water, the predpitete was filtered off. The filter cake was 
washed with 500mi of water followed by 75ml diethyl ether and dried, 
rield: 67.62g (99%) 

1H NMR (400 MHz. CDCI3) 5 1.39 (t, 3H), 4.41 (q. 2H). 5.11 (d. 2H), 5.15 (d, 
2H), 6.58 (s, 1H), 6.99 (s. 1H), 7.35 (m. 10H). 8.16 (S.1H)- 

Step5 

5-(2,4-Bls-benzyloxy-5-bromo-phenylHsoxazole-3-carboxyIic acid 
. 'V ethyiamide ; . 




5^2. 4 - bls-ben^loxy-5-bromo-phenyl)-isoxazoIe-3-cartx>xylic add ethyl . 
e^er was suspended iii ethanol and. ethylamlne (2M in methanol, 3eq), the 
resulting yellow suspension was heated to reflux (80oC) under nitrogen, at 
which point the reagents went into solution: This was heated Ibr 14 hours. 
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then left to cool to ambient temperature. A white precipitate formed, which 
Wjas filtered off and washed witli further ethanol before beirig dried in vacuo. 

LC-MS retention time 2.868 minutes [M+IH[I+ - 507 & 509 (run time 3.75 
rninutes) 

Step 6 

5-(2,4-Bis-benzyloxy-5-styrylphenyl)-isoxazoie-3-carboxyllc acid 
ethylarnide 




To a mixture of trans-2-phenyMnylboronic add (0.472 g, 3.2 mmo!) and 5- 
(2,4-Bis-benzyloxy-5-bromophenyl>-isoxa2ole-3-cariboxyllc acid ethylimide 
(1.079 g. 2.13 mmol) was added sodium hydrogen carix)nate (536 mg, 6.39 
mmol) followed by DMF (25 rnL) and water (5 mL). The mixture was degassed 
by evacuation and flushing with nitrogen (three times), followed by bubbilingi 
nitrogen gas through rnlxture for five.minutes, 

Dichlofobis(triphenylphosphine)palladium (II) (149 mg, 0.21 mmol) was added 
and reaction mixture was heated under a nitrogen atmosphere at 80 '»C for : - 
seven hours (reaction mixture becomes dark brown in colour kfter 10 
minutes). The reaction mixture was allowed to cool to ambient tetnperaturB 
and the majority of solvents were removed In vacuo: The resulting residue 
was partitioned between ethyl acetate (100 mL) and v\^ter (100 mL) and this . 
mixture was filtered through a pad of ceHte to remove Palladiuni residues. The 
phases were separated and the organic phase was washed with water (2 x 
50mL). saturated aqueous sodium chloride ^tution (100 mL) then dried over 
sodium sulphate. The mixture was filtered, and the filtrate solvents were 
removed in vacuo to. afford a brown solid (800 mg). The celite filter cake was 
washed with dichioromethane tiien dried over sodium sulphate. The mixture 
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was filtered and the filtrate solvents were removed In vacuo to afford a brown 
solid (541 mg). The combined product batches were purified by trituration with 
ethyl acetate-hexane mixture. This affords 5-(2.4-Bis^benzyloxy-5- 
styrylphenyl)-lsoxazole-3-carboxyllc add ethylamide as a light brown solid 
(808 mg. 71 %). LCMS: [M+H]+ 531 . 1 H NMR (400 MHz, CDqS) 8 1 .1 2 (t, 
3H). 3.37 (m, 2H), 4.95 (s, 2H). 5.07 (s. 2H), 6.46 (s, 1H), 6.70 (brt, 1H). 7.II ; 
(s. iH). 7.1 7 (d. 1 H), 7.23 (d, 1 H), 7 J32-7.44 (m, 1 5H). 8.09 (s, 1 H). 

Step? 

5-(2,4-Bls-benzyloxy-5-phenethyiphenyl)-isoxazole-3-<:arboxyiic acid 
ethylamide 




Palladium on charcx>al catalyst (10%; 50mg) was added to a degassed 
solution, of 5-(2,4-Bls-benzyloxy-5-styrylphenyl)^isoxazole-3^rboxy|ic add 
ethylamide (690 mg, 1.30 mmol) In 1,4-dioxane (50 mL) under a nitrogen 
atmosphere. The reaction mixturewas hydrogenatedjfor a total of 4.75 hrs 
with furttieir Pd on charcoal cataly^ (SOmg) added at 0.75 and 2.5 firs. The 
reaction mixture was filtered through a pad of celite, whidi was washed with 
1,4Hclloxane (20 mL) and dichloromethaiie (20 mL). The combined filtrate 
solvents were renioved in vacuo to aflbrd a cr^anri-coloured solid, which was 
purified by flash chromatography on silica gel (20 g. 1ST) eiuting wiUi 10 to 50 
% ethyi acetate in hexahe. This affords 5-<2,4-Bis-benzyloxy-5- 
phenethylphenyl)Hsoxazole-3-cart)oxyllc add ethylamide as a pale yellow 
soHd (609 mg. 88%). LCMS: [M+H]+ 533. IH NMR (400 MIHz. CDCi3) .81.26 
(t. 3H). 2.86-2.96 (m. 4H). 3.49 (m. 2H). 5.03 (s, 2H). 5.18 (s. 2H). 6.56 (s. 
IH), 6.81 (t. IH). 7.07 (s. IH). 7.15-7.20 (m. 3H), 7.23-7.28 (m. 2H). 7.31-7.42 
(m.10H). 7.73 (S.I H). 
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Step^ 

5-(2Abis-^benzyloxy-5rphehethylphenyi)-4-br^ 
acid ethylamide 




N-Bromosuccinimfde (207 mg, 1.16 mmol) was added to a suspension of 6- 
(2.4-Bis-benzyloxy-5-phenethylphenyl)-isoxazole-3-carix>xyHc add ethylamide 
(564 mg, 1 .06 mmol) in acetonitrile (20 mL). Ceric ammonium nitrate (290 mg, 
0.53 mmol) was added and the reaction mixture was heated to reflux 
(affording homogeneous orange solution) and stin-ed for 30 minutes. The 
reaction mixture was allowed to cool to ambient temperature and acetonitrile 
was removed in vacuo. The residue was partitioned between ethyl acetate (50 
mL) and water (50 mL) and the phases were separated. The organic phase 
was washed wnth saturated aqueous sodium chloride solution (50 mL) and 
dried over sodium sulphate. The mixture was filtered and the filtrate solvents 
, were removed In vacuo to afford a yellow oil which wias purified by flash < 
■chromatography on silica gel (20g, 1ST) eluting with 10-30% ethyl acetate In 
hexane. This aflbrds 5-<2,4-Bis4>enzyloxy-5-phenethylphenyl)-4-bromo^ . 
lsoxa2ole-3-cartx)xylic acid ethylarnide as yellow oil (326 mg. 53%), LCMS: 
[M+HJ+613.611. / 
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Step 9 

5r(2,4-bls-benzyloxy-5^phenethyl*phenyl)-4-(4-moiph 
phenyi)-isoxaz6le«3-carboxylic acid ethylamide 




To a mixture of 4-morpholin-4-ylmethyl-p^ pinnacol borane (0.215 g, 0.71 
mmol) and 5-(2,4-Bis-benzyloxy-5-phenethylphenyl)-4--broiTK)-i 
carboxylic add ethylamide (0.347 g, 0.57 mmol) was added sod jum hydrogen 
carbonate (142 mg. 1.69 mmol) followed by DMF (10 rtiL) and water (2.0 mL). 
The mixture Was degassed by evacuation and flushing with nitrogen (t^ 
times), followed by bubblihg nitrogen gas through mixture for five minutes. 
Dichlorobis(triphenyiphosphine)palladium (II) (40 mg, 0.057 mmol) was added 
and reaction mixture was heated under a nitrogen atmoisphere at 80 ^'C for 5 
hours (reaction mixture l>ecomes dark brown In colour). Another 20 mg (0.029 
mmol) of dichlorobis(tripheriylphosphirie)palladium (II) was added and 
reaction mixture was heated at 80 ""C for 1 5 liours then allowed to cool to 
ambient temperature. Thiai majority of solvents were removed in vacuo and 
the residue was pidrtitiohed between ethyl acetate (50 mL) and water (50 mL). 
This mixture was filtered through a pad of celite to remove Palladium residues 
and theri the phases wer^ separated and the organic phase was washed with 
water (2 x 50mL), saturated aqueous sodium chioridis solution (50 mL) tlien . 
dried over sodium sulphate. The mixture was filtered and the filtrate sbiverits 
were removed in vacuo to afford a brown oil. The crude reaction product was 
purified by flash chromatography on silica gel (20 g, iST) eluting with 3 solvent 
gradient of 30 to 70 % ethyl acetate In hexane. This affords 5-(2,44)Is- 
benzyloxy-5-phenethyl-phenyl)-4-(4-mbrpholin-4-ylmethyli3 
a^rboxylic add ethylamide as yellow 011(6.1 10 g. 27%). LCMS: [M+H1+ 708. 
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Step 10 ; 

5-(2,4-^ihydroxy-5-phenethyl-phenyl)^4Hiiorpholin^^ 
phenylHsoxazole-3-carboxyiic acid ethylamicle hydrochloride 




OH, O-N H 



To an ici^>ath cooled solutioh of 5-<2,4-bis^ben27ioxy-5-phenethyl-phenyl>-4- 
(4HTtorphqlln-4-ylmeth^-phenyi)-isoxa2o|e-3K»rtx>}^ acid ethylamide (0 109 
g, 0.15 mmbi) in dichtorometiiane (4 mL) under a nitrogen atmosphere was 
added a l .OM solution of Boron bichloride in dichloromethane (0.45 itiL; 0.45 
mmol). TTie reaction mixture was stin-ed at 0 °C for ^ 
ambient temperature for 3.5 hours, The reactlon ,mixture was re-cooled to 0 
'C and quenched by the addition of saturated aqueous sodium hydrogen 
cart>onate solution (5 mL). After stimng for 5 minutes tiie dichloromettiane 
y^as removed in viacuo and the residue was partitioned between ethyl acetate 
(20 rpL) and water (20 mL). The phases were separated and the organic 
phase was washed with water (20mL), saturated aqueous sodium chloride 
solution (20 mL) then dried over sodium sulphate. The mixture was filtered 
and the filtrate solvents were removed in vacuo to afford a light-brown oil. 
which was purified by adsorption onto silica gel then flash chromatography on 
silica gel (10 g 1ST) eluting witti 0 to 5% methanol in. ethyl acetate. This 
affords a coburiess oil which was triturated with i.OM HCI In diethyl ether 
solution (5 mL) to afford 5-(2A -dihydrbxy-5-phenethyl-phenyl)-4-(4- 
morpholin-4-ylrnethyl-phenyl)-ispxazDle-3rcarboxyllc acid ethylamide 
• hydrochloride (0.01 9 g; 24%). LCMS: [M+H1+ 52a. 1 H NMR (400 MHz, dO- 
DMSO) □ 1 .08 (t. 3H). 2.60 (m; 4H). 2.90-3.30 (m. 6H). 3.67 (m, 2H). 3.87 (m. 
2H), 4.30 (s. 2H). 6.46 (s, 1H). 6.84 (s, 1H). 7,05-7.49 (m, 5H), 7.40-7.68 (m, 
4H), 8.90 (brs. 1H), 9.67 (s. 1H), 9.89 (s. 1H). 10.75 (brs, 1H). 
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Example 65 had activity 'A' in the Fluorescence Polarisation Assay, as 
described below. 

Tlie examples in the following Table were prepared by methods analogous to 
Example 64, and had the activities shoWn in the Fluorescence Polarisation 
Assay, as described below: 



Example 


Structure 


MH+ 


Hsp90 
IC50* 


. ' ' ■ . - 


■■9 






66 


CI f\ 
OH O-N 


457 
459 


A 


















67 


OH b^i^~~^H 


419 


A 










68 


OH O-N H 


459 


A 
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F 






69 


OH O-N ■ 


544 


A 


70 


OH O-N 


546 


A 










71 


OH 0:4^ 


437 


A 


72 


OH O-N fj-^ 


516 


A 


73 


: F 

OH O-N N-\ 


518 


A 
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1 o 






74 


OH o^N N-r\ 


500 


A 










75 


S rS A 

OH O-N 


1546 


A 



The additional examples 75a-y in the following table were also prepared 
by methods analogues to exanriple 65. 



Example 


Structure 


MH+ 


Hsp90 

ibso 


75a 


■ ^^^^^ . 


540 


A 


75b 




498 


A 
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75u 


OH 0~N ^H 


501 




75v 


o 

OH 0-f( 


517 


A 

1 J 



Example 76 

Reaction Scheme 




3-(2,4-BIs-benzyloxy-5-brorho-phenyl)-^ 
isoxazole 
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Trimethyloxonlum boron trifiuoride (Aldrich; 70mg, 0.47mmol) was 
added to a stirred solution of 5-(2,4-Bis-benzyloxy-5-br6mo-plienyI)-4- 
(4-metlioxy-phenyl)-3-methyl-isoxazble (Example 3. Step 1 ) (1 20mg, 
0.22mmol) in dichloromethane (3ml) and stimng was cxintinued for 3h. 
The resulting nriixture was concentrated in vacuo to leave a white 
semisolid, which was mixed wijth hydroxylamine hydrochloride (70rhg, 
I.Ommol), pdtassium cairbonate (120mg, 0.87mmOl) and methanol 
(2ml), and heated at reflux for 1 8h. The reaction mixture was 
partitioned between yvater (20ml) and ethyl gcetate (2x10ml) and the 
combined organic phases were dried over anhydrous magnesium 
sulphate and evaporated in vacuo to leave an colouriess oil. The crude 
product was purified by column chromatography, silica (1 Og), eluting 
with hexane, followed by diethyl ether/hexane (1:1). to give 3-(2,4-Bis- * 
benzyloxy-5-bromoHphenyl)-4-(4-methoxy-phenyl)-5-methyi-isoxazole as 
a white solid (44mg. 37%) 

LC retention time 5.55 rhinute^ [M+Hf 556.0 and 558.0.(Run time 
B.OOmins) 

N.M.R (Chlorc»fomi-d) 7.64 (s ArfO 7.356.76 (m 14 ArA/) 6,34 (sArH) 
4.90 (s 2C//2) 4.60 (s 2CH2) 3.79 (s 3CH3 ) 2.46 (S 3CH3 ) 

Step 2 

4-Bromo-6-[4-(4-metho}^-phenyl)-5-methyl-isoxazoi-3-yl]-benzene- 
1.3Hdiol 

O 

BorOn trichloride solution (1M in dichloromethane, 1ml, Immol) was 
added to a solution of 3-(2,4-Bis-benz^oxy-5-bromo-phenyl)-4-(4- 
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methoxy-phenyl)-5-methyl-isoxazole (38mg, b.b68mmoj) In 
dichloromethahe (1ml). and stining was continued for 1h. The reaction 
mixture was partitioned between water (20mi) and dichloromethane 
(2x20ml) and the combined organic phases were dried over anhydrous 
magnesium sulphate and concentrated in vacuo Xo leave a brown oil. 
The crude product was purified by column chromatography, silica (10g), 
eluting with hexane, followed by hexane/dlethyl ether (3:1 then 1:1), to 
give 4-Bromo-6-[4-(4-methoxy-phenyl)-5-methylHSOxaizpl-3-yll-benzene- 
1,3Kilol as a colourless oil (11 mg, 43%). 

LC retention time 2.52 minutes [M+H]* 376.1 and 378.1 (Run tirne . 
3.75mins) 

N.M.R (DMSO-de) 1 0.40 (s OH) 9.69 (s OH) 7.22 (ArH) 7.1 0-6.89(m 
4ArH)6.j5(sArH) 3.7(sOCH3)2.46(s CH3) 

This compound had activity 'A' In the Hsp90 fluorescence polarization 
assay. 

Example 76A 

The following compound is commercially available (Interbioscreen) and had 
acti>dty "B) in the fluorescence polarization assay: 



Example 


..Structure 


MH+ 


76A 


HO 1 

N^s 

HO Vif F 

, 0 T^F 
F 


343 



The following compounds were made according to Example 76: 
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ttxdmpie 


Structure 


Mrl+ . 




76B 


HO ^^J^ O— 

.,o-" 


389 , 




76C 




458 





Example 77 

Preparation of 5-(5-tert-Butyl-2,4Kllhydroxy-phenyl)-^ 
y|methyl-phenyl)-isoxazole-3-cart>oxylic acid ethylamide 
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Reaction Scheme: 




Step1 

1-(5-tert-Butyi-2,4<lihydroxy-phenyl)^thanone 




Sulphuric iacid (4ml, 75mmol) was added to a suspension of 2,4- 
dihyroxyacetophenone (22.8g, I SOmmol) ih a mixture of 2-methyl:^2^pr6panol 
(35g, 470mmol) and trifiuoroacetic acid (80ml), under a nitroigen atmospheire. 
The resulting suspension was heated, oil bath temperature 75°C, for ---Shrs: to 
give a pale red solution. The resuRing solution was allowed to cool apd poured 
Into ice/water (350ml), to give a pale pink predp'itate. The solidis were 
removed by filtration and washed with water (600ml) and h|exane:(2(K)mi) to , 
give a pale pink powder. Dried in vacuo (40®C), to jgive 1-(5rtert-bUtyl-i,4- 
dlhydroxy^phenyl)-ethanone as a pale orange powder (28.8g, 92%). 
LC retention time 2.74 minutes [M+Hf 209:1 (Run time 3.75mins) 

N.M.R (Chtorofonn-d) 7.35(s ArH) 6.05(s ArH) 7.35(m 2ArH) 2.35(s 3CH3) 
1.15(s9C//3) 
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Step 2 

1-(2,4-Bis-benzyloxy-5-tert-butyl-phenyl)-ethan6ne 

/ ^ 

Benzyl bromide (10ml. 84mmol) was added to a solution of the ac^tophenpne 
(13.5g. 65mmol) in DMF (50ml), potassium carbonate (20g, 145mmol) wa^ 
' added and the suspension, stirred, at room temperature, for Mhrs. The 
resulting suspension was poured into water (200ml) to give a pate oranigie 
precipitate: The solids were removed by filtration and washed with water. The 
solids were taken up in dichioromethane (150ml) and the solution was washed 
with water (2x1 00ml) and saturated aqueous sodiuni chloride solution 
(100ml). The solution was dried over anhydrous sodium sulphate and 
concentrated to a pale red oil. 

The oil was taken up in 2-methyl-2-propanol (1 dOmI) and potassium 
tert-butoxide (7.5g. 67mnK>l) added, to give a pale yellow precipitate, benzyl 
bromide (8ml, 67mmol) was added and the mixture heated under reflux for 
^Ihr. The resulting suspension was allowed to cool and poured into water 
(250ml), to give a pale orange precipitate. The solids were removed by 
filtration and washed with water. The solids were taken up in ethyl acetate 
(1 50ml) and washed with water (2x200ml) and saturated aqueous sodium 
chloride solution (100ml). The solution was dried over anhydrous sodium . , : ' 
sulphate and concentrated to a orange semi-solid, trituration with methanol 
gaye a pale, pink splid. Solids were removed by filtration and dried in vacuo 
(40^C), to giye lH[2,4-bis-berizyloxy-5Htert-butyi-phehyi)rethanone as a pale 
pink powder (9.1 g, 36%). 

LC retention time 3.03 minutes [M+H]* 389.3 (Run time 3.75mins). 

N.M.R (ChlorofomxJ) 7.65(s ArH) 7.25r7.15(m lOArH) 6.35(s ArH) 4.95(s 
2C//2) 4.9(s 2 CH2) 2.4(s 3C//3) 1 .2(s 9 CH3) 

Step 3 

4-(2,4-Bis-benzyloxy-5-tert-butyl-phenyl)-2-hydroxy-4-oxo-but-2-«noic 
acid ethyl ester 
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Sodium ethoxide (2:8g, 41mm6l) was added to a suspension of the 1-(2,4-bis- 
ben2yloxy-5-tert-butyl-p^^enyl)-ethanone (7.8g. 20mmol) ihethan^ 
Diethyl oxalate {Ami, 29.5mmoI) was added and the resulting suspension 
heated under refiuxfor~2hrs. to give a pale 1^ solutlbn. The isolution was 
allowed to cool and poured into water (200ml). the mbclure was acidified with 
hydrochloric acid (50ml. 1M) and extracted with didiloromethane (150ml). The 
extracts were washed with water (2bc200tfil) and saturated aqueous sodium 
chloride solution (100ml). The solution was dried over anhydrous sodium 
sulphate and concentrated to a yellow gum.'Trituration with hexane gave d 
yellow solid. Solids were removed by filtration and washed with h^xahe and; 
dried in vacuo (40*'C), to give 4-(2,4-B!S-benzyloxy-5-tert-butyl-phenyl)-2- 
hydroxy-4-oxo-but-2-enoic acid ethyl ester as a yellow powder (9.1g, 93%). 

N-M.R (Chlorofomi-d) 8.0(s ArH) 7.5-7.35(m 1 1 ArH) 6.6(s ArH) 5.2(s 2CH2) 
5.1 5(s 2 CH2) 4.3(q J 7.1 Hz 2 CH2) 1 .4(s 9 CH3) 1 .25(t J 7.1 Hz 3CH3) 



Step 4 ■ 

5-(2,4-Bls-ber«yloxy-5-tert-butyl-phenyl)-isQxaz6le-3^rboxyl 
ethyl ester 



BnO 




Hydroxylamine hydrochloride (3.6g. 52mm6l) was added to a solution of 4- 
(2,4-Bis-benzyloxy^5-tert-butylTphenyl)-2-hydrexy-4-oxo-but-2-enoic add ethyl 
ester (Q.Ogi 18.6mmol) In ethanoi (75ml) and the suspension heated under 
reflux for ~4hrs. The resulting solution was allowed to cool and poured into 
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water (200ml) to give an off-white predpitate. The solids were removed by 
filtration and taken up In dichloromethane (150ml). The solution was washed 
with water (150ml) and saturated aqueous sodium chloride, solution (50ml). 
The solution was dried over anhydrous sodium sulphate and concentrated to 
ari off-white soiid. Solids vyere vvashed with hexane and dried in vacuo (40**C)i; 
to give 5K2,44)is4}erizylo3cy-5-teit-butyl-phenyl)-isbxa2»^ acid 
ethyl ester as a pale brown powder (8.0g, 89%): 

LC retention time 3;1 3 minutes [M+Hf 486.5 (Run time 3.75mlns)^ 

N.M.R (ChiorofbnmKl) 7;85(s ArH) 7.4-7.25(m lOArW) 6.9(s ArH) 6.5 (s ArH) 
51 (s 2CH2) 5.0(s 2 CH2) 4.35(q J 7.1 Hz 2 CH2) 1 .4(s 9 CH3) 1 .35(t J 7.1 Hz 
2CH^ ^ ^ .-■■ •■■•V . . - ' ^ • •■ . V ' ■' ' 

Steps, •■■ : ■■• 

5-(2,4^6is-behzyio}(y<^tert-butyl''pihenyl)-isox£^ 
ethylamlde 




5-(2,4rBls4)en:^xy^5-tiBrt-*utyl-phenylHsoxazole-3-cai^ acid ethyl 
ester (io.bg' 26.6mrnol) #as added fcia soliitfon of ethjrtarnine in ir^ethanol 
((BOml, 2.0M) and the suspension heated, oil bath temperature 75°C, for [ 
. ~2hrs. The resulting solution, was allowed to cool and concentrated to a pale 
brown oil. dichloromethane (1 50mO was added and the solution washed ywith 
water (100ml) and saturated aqueous sodium chloride soluUbn (75ml). The 
solution was dried over anhydrous sodium sulphate and concentrated to a 
brown oil, solidified on standing (9.9g, -quant). 

LC retention time 3.02 minutes [M+Hf 485.3 (Run time 3.75mins) 

N.M.R (Chlorofomvd) 7.8(s Ar«) 7.4-7.2(m lOArH) 7.0(s ArH) 6.75(br t J 
5.4Hz NH) 6.5 (s ArH) 5.1(s 2C/fc) 5.0(s 2 CHz) 3.4(dq J 5.4Hz. 7.1Hz 2 
CH2) 1 .35(s 9 CH3) 1 .1 5(t J 7.1 Hz 3CH3) 
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Step6 

5-(2,4-Bis-benzyloxy-5-tert-butyl-phenyl)-4-iodo-is6xazole^^ 
acid ethyiamide 




NHOdosuccinimide (9.0g, 40mmol) was added to a suspension of 5-(2,4-Bls- 
behzyloxy-5-tert-buty^phe^yl)-isoxazole-3^rbo)^ Ethyiamide (9.9g, 
20.4mmol) in acetonitrile (60ml). Ammonium cerium nitrate (0.25g, p.46mmol) 
was added and the suspension stin-ed for— 18hre. The resuftihg suspension 
was concentrated and the residue taken up In dichloromethane(1 25ml). The 
resulting solution was washed aqueous sodium rrietabisulphite solution 
. (2x100ml, 5%); water(IOOml) and saturated aqueous sodium chloride solution 
(1 Obrhl). The solution was dried over anhydrous sodium sulphate and 
concentrated to a pale red gum. Trituration with ethahol (25ml) igave an off- 
white solid, solids were removed by fittrlation arid washed with ethanol. Dried 
in vacuo (40''C), to give 5-(2.4-Bls-benzyloxy-5-tert-butyli3henyl)-4-loda- 
isoxa^le-3-carboxylic acid ethyiamide as an off-whrte powder (7.75g. 62%). 
LC retention time 3.07 mfnutes[M+Hr 611^ (Run time 3.75rhlhs) 

N.M.R (Chlorofonti-d) 7.45-7.25(m 1 1 ArH) 6 8(br t J 5AHz NH) 6.6(s ArH) 
5.05(s 4CH2) 3.6(dq J 5.4Hz. 7.1Hz 2 C/fc) 1:36(s 9 CHi) 1.2(t J 7.1Hz 3C//3) 
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Step 7 

5-(2,4-Bis-benzyloxy-5-tert-butyl.-phenyl)-4-(4-fonnyl-phenyi)-isoxazoie-3- 
carboxyllc acid ethylamide ^ 



BnO 




Aqueous potassium pliospfiate (25ml, 1 .2M) solution was added to a solution 
of 5-<2i4-bis-ben2yloxy-5-tert-43u^l-phenyi)-4-io 
ethylamide (6.1g, lOmmol) iand 4-fonT>ylphenyl boro 
15.7mmpl) in 1,4-Dioxan (75ml), under a nitrogen atmosphere. Did^ 
bis(tri-6-tolyl ptiosphine)palladium(li) (cat.) wa^ and ttie mixture iieated, 

oil bath temperature 100°C for -liir. The mbcture was allowed to cool, and the 
aqueous layer separated and extracted with ethyl acetate (100ml). The 
combined organics were concentrated to give a pale brown gum. 

The crude product was purified by <x)lumn chromatography, silica 
(600ml), eluOng with ethyl acetate/ hexane (1:3), to give 5r(2,4-Bis-benzyloxy- 
5-tert-butyl-phenyl)-4-(4-formyl-phenyl)-^lsoxazole-3-cart)oxyllc acid ethylamkle 
as a pale yellow foam (5.1 8g, 88%). , , 

LC retenUon time 3-01 minutes [M+H]* 5^ (Run time 3.75mlns) 

N.iy|.R (Chlorpfomi-d) 9.75(s CHO) 7.5(d J 6.9Hz 2 ArH) 7.2(d J 6.9Hz 2 ArH) 
7.15-7.0(m £fArH) 6.8(m 2 Ar//) 6.65 (br t J 5.4Hz NH) 6.2(s ArH) 4.8(s 2Cfh) 
4.5(s 2. C/fe) 3.2(dq J 5:4Hz, 7.1HZ2 C/fe) 1.1(s 9 CH3) 1.05(t J7:Hz 3CH3) 
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Step 8 

5-(2ABis-^benzyloxy-5-tert-butyl-phenyl)-4-(4-mdrphoiin-4-ylmeth^ 
phenyl)-isoxazoie-3-carboxyiic acid ethylamide . 




Sodium cyanoborohydride (65mg, 1 .03mmol) was added to a solution of 5- 
(2,4-Bjs-benzy!oxy-5-tert-butyl-phenyl)-4-(4-formyf-phenyl)-isoxazole-3- 
carboxyiic add ethylamide (125mg.0.21mmol), morphoHnei {50|J, 0.57mmoi) 
and acetic add (cat) In methanol (4ml) and the solution stin-ed for ~72hrSi 
Dichlordmethane (50ml) was added and the sblution washed with water ; 
(2x50ml) and saturated aqueous sodium diloride solution (SOnil). The solution 
was dried over anhydrous sodium sulphate and concentrated to a colourless 
gum. 

The dtide product was purified by column chromatography, siiicd (20g). 
eluting with ethyl acetate/ hexane (1 :1 ), to give 5-(2.4-Bis-ben2^oxy-5-tert- 
butyl-phenyl)-4-<4'^rphplin-4-ylmethy^phenyl)^isoxazol^ 
ethylamide as a colourless oli (35mg, 25%). 

LC retention time 2.56 riiihutes [M+H]* 660.8 (Run tinrie 3.75mlns) 

N.M.R (ChloiofprnKi) 7.35-7.05(rn 15Ar//) 6.7 (br t J 5.4Hz NH) 6:4(? AfH) 
4.9(s 2CI<j) 4.75(s 2 C/fc) 3.6(t J 4.5Hz 4 C/fc) 3.{s 2 CH2) 3,35(dq J 5.4Hz. 
7.1HZ2 C/fc) 2.35(br s 4 C«2) 1.15(t J 7.1Hz SC/fe) 1.1(s 9 CH3) 
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Step 9 

5-(5-tert-Butyl-2,4^dihydroxy-phenyi)-4-(4-morpholin-4-yl^ 
isoxazole-Srcarboxylic acid ethylamide ^ 

■ • . . o • ■ ^ 

M J 




Boron trichloride (1 ml/1 .OM In dichlorbmethane) solution was added to a 
solution of 6-(2,4-Bis-benzyloxy-5-tert-butyl-phenyl)-4-(4-nr^ 
ylmethyl-phenyl>-isoxazole-3-carboxyllc acid ethylamide (35nng, O.OSmmol) In 
dichloromethane (1ml) at -20^C (ice/methahol), under a nitrogen atmosphere. 
The resulting solution was stirred at Q^C (IceAvater) for '-QOmins: Methanol 
(2mi) was added and the solution concentrated to a brown gum. 

The crude product was purified by preparative HPLC. to give 5-(5-tert- 
Butyl-2,4<lihydroxy-phehyi)-4-(4Hfnbrph6lirHt-yime^ 
carboxylic acid ethylamide as a white powder (formate salt) (21 mg. 75%). 
LC retention time 1.97 minutes [M+H]* 480^5 (Run time 3.75mins). . 

NM.R (Diy/lSO-de) 8.8 (t J S.GHzUH) 7.25(d J 7.2Hz 2ArH) 7.15(d J 7.2Hz 
2ArH) 6.7(s ArH) 6.45(s Ar«) 3.45(br s 4 CH2) 3.2(dq J 5.6Hz. ;7.2Hz 2 Cfk) 
2.3(br s 4 C/fc) 1 .1 (s 9 C//3) 1 .p6(t J 7;2Hz SCHa) 

This compound had activity 'A' In the HspQO fluorescence polarization 

aissay.- • " 

In a similar manner to the preparation of the compound of example 77, 
examples 77a-f were prepared. 
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77e 




399 



77f 



HO 




411 



Example 78 

Preparation of 5-(2,4-Dihydroxy-5-isobutyl-iphenyl)-4-(4-moipholin 
j>henyl)-isoxazole-3-carboxylic acid ethyiamide 



HO 



N Q 




N CONHEt 




Step1 

1 -(2^4*Bis-benzyloxy-phenyl)-ethanone 




OBn 



Potassium dart>onate (2-5eq) was added to a solution of 2',4- 
dihydnDxyacetpphenone (leq) fn acetonitrile (400mL), and the suspensipn 
stinted at room temperature. Benzyl bromide (2.5eq) was added drop wise 
over 10 minutes and the mixture heated at reflux for 18 trours. The mixture 
was cooled and evaporated in vacuo to give slurry. The slurry was partitioned 
between water and ettiyl acetate, and the layers were separated. The 
aqueous layer was further extracted with dichloromethane and the organic 
exU^cts were combined, dried (MgS04) and evaporated in vacuo. The 
product was triturated with hexane, filtered and washed with cold hexane and 
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dried in vacuo at 45 ^'C to give 1-(2,4-Bls-ben2yloxy-phenyl)-ethanone as a 
white powder: 

LC retention time 2.704mirt [M+H]* 333,3 

Step 2 • / ■• • ■ ' 

2,4-Bte-benzyl6xy-1-isopropenyl-behzene 




OBxi 



Methyttriphenyiphosphonium bromide (l.leq) was suspended in an. THF and 
cooled to 0*^C under nitrogen. 1.6M "Butyllrthium in hexanes (l.leq) was 
added drop wise, and stirred for 30 minutes. 1-(2,4-Bis-benzyloxy-phenyl)- 
etlianone (1eq) was dissolved In an. THF and added drop wise to the 
suspension^ When addition was completed, the Ice bath was removed and the 
reaction mixture was stin^ed at room temperature under nitrogen ovemlght. 
Methanol was added to the reaction mixture and the resulting solution was 
evaporated in vacuo. Hexane was added to the resulting oil aind heated to 
reflux for 30 minutes/then filtered through Celite. The liquor was evaporated 
in vacuo to give an oil which was purified by column chrpmatpgraphy, etuting 
with 30% EtOAc in hexane, to give 2,4-Bls-benzyloxy-lHsopropenyl-benzene. 
Rf retention time 0.722, 3:1 Hexape: EtOAc. 

Step 3 

: 4^isopropyl-benzene-1i3-dioi . 




OH 
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2,4-Bjs-benzyloxy-lHSopropenyl-benz(5ne was taken up in solution in ethanol 
and added to 10% palladium on carix)n, which had been pre-wetted with 
water. Hydrogen was introduced to the flask and the mixture was allowed to 
shakefor 16 hours. The catalyst was filtered from the reaction mixture, by a 
suitable method, and the liquor was TOncentrated /n 
lsopropyl-berizene^1,3-Kllol as a white crystalline TO^^^ 
LC retention time 2.088iTiin [M+^ 

Step'4- V ' ■ 

1-(2,4-bihydroxy-5^lsopropyl-phehyl)reth^ 




4-lsopropyl-benzene-1,3-diol (leq) was taken up in BFs-OEta (6eq) and acetic 
add was added (2eq). The solution wats heated for 16 hours at 90°C than 
allowed to cool to room temperature. The solution was added drop wise to 
10%NaOAc (aq) and allowed to starid for 4 hours, before being extracted in to 
EtOAc. The organic phases were combined and washed with sat NaHCQa. 
(aq), then dried over MgS04, filtered and concentrated //i vacuo. The residual 
oil was purified by column chroniatbgraphy, eluting witii dlch^^ 
give 1-(2,4-Dihydroxy-5-lsopropyl-^^ 
as a white solid. 

LC retention time 2.633mln [M+H]* 195.1 

Steps • ' . ' ^ ^ r : . ■■ 

1-<2,4TBis-benzyloxy-*^lspprbpyl-phenyl)-ethan^ 




O OBn 
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1--{2,4-Dihydroxy-5-isopropylrphenyl)-ethanone (1eq) was di^ 
and potassium carbonate (2.2eq) then benzyl bromide (2.2eq) were added. 
The suspension was heated, with stim'ng to 150^C, under nitrogen, for 16hrs. 
The solution was cooled to room temperature and the mixture wias poured into 
1MHCi (aq) then extracted in to ethyl acetate. The organic phases were 
combined and washed again w^ 

solution. The organic phase was dried oyer MgS04, filtered and concentrated 
In vacuo, to give a solid, which was purified by diethyl ether hexaiie (1:1) 
trituration to give 1-(2,4-BiS"berizyloxy-5-isopn3pyl-^ 
LC retention time 3.575min [M+H]- 375.2 

Step 6 

4-(2,4-Bis-benzyloxy-5^isopropyl-phenyi)-2-hydroxy-4-oxo^but--^^ 
acid ethyl ester ^ 




Sodium (2.8eq) was added to ethanol under nitrogen at room terriperature and 
stirred for 25 minutes to generate sodium ethbxide. 1 -(2,4-Bis^l>enzyloxy-5- 
isopropyl-phehyl)-ethahbh^ (1eq) was dissolved in fijrtKer ethariol and addiki 
to the sodium etiioxide solution. Diethyl bxalatie (1 .64eqy was added ^nd the 
reaction niixture heated to reflux for 4 hours. Thb mi^urb wa^ allowed fo cool 
to room temperature and enough 1 MHCI (aq) was added to acidify the 
, reaction mi)dure, which was then cohcqritrated in yaojo. The resulbng gum 
was partitioned between didilorbmethane and. brine, and the organic phase 
was dried over MgS04, filtered and evaporated in vacuo to give 4-<2,4-Bis- 
beri27loxy-5HSopropyl-phenyi)-24iydroxy'-4-ox^^ aicid ethyi ester ais 

a yellow gum. 

LC retention time 3.057mln [M+HJ* 475 
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Step? 

5-(2,4-Bis-benzyloxy-5-isopropyI-phenyl)-isoxazole-3-carboxyllc acid 
ethyl ester 




4- (2,4-Bis-b6nzyloxy-5^isopropyl-phenyl)-2-hydro 

ethyl ester (1eq) was dissolved in ethanol with stirring. Hydroxylamine 
hydrochloride (1 :2eq) was added and the solution was heated to reflux for 4 
hours under a nitrogen atmosphere. The reaction rnixture'was cooled to room 
temperature and concentrated in vacuo. The residue was partitioned between 
brine and dichloromethane- The organic phase v^as dried over MgS04, filtered 
and concentrated in vacuo io give 5-{2,4-Bis-ben^oxy-5H'soprppyl-^^^ 
isbxazole-Sniarbdxyiic acid ethyl ester as a solid. 
LC retention time 3.059mln [M+Hl* 472 

Step 8 

5- (2ABis-benzylpxy-5-Isopropyl-phenyl)-isoxazole-3-earbo3^ 
ethylamide 




5-(2,4-Bls-benzyloxy-5-lsopropyH3henylHsoxazole-3-ca add ethyl 

ester was dissolved in excess 2M ethylamine in methanol and heated in the 
Smith Synthesiser microwave at 120**C for 600 seconds. The solution was 
concentrated In vacuo to give a solid which was purified by h^ane trituration,, 
to give 5-{2,4-Bis4>enzylpxy-5-isopropyl-phenylHsoxazol^^ 
ethylamide. 

LC retention time 2.979min [M+H]* 471 .3 
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Step 9 - 

5-(2ABis-benzyloxy-5-isopropyl-phenyi)-4-iodp-isoxazole-3-carb^^ 
ethylamide 



BnO 




5-(2ABis-bdhi^o)cy-5-isbprppyl-phenylHsoxazole-Sf^ acid 
ethylamide (leq) v)»s dissolved In an. aoeton'rtriie and NHodpsucdnlmide • 
(2.0eq). followed by eerie, ammonium nitrate (O.OSeq) were added, sand the 
solution was stirred at. room temperature overnight. The reaction itiixture vvas 
concentrated in vacuo and the resulting gum was partitioned t}etween ethyl 
acetate and brine. The organic phase ynas dried over MgS04, filtered and 
concentrated in vacuo. The residue was purified by column chromatography, 
eluting with 9:1 hexane: ethyl acetate, to give 5-(2,4-Bls-t>en2^oxy-5- 
isopropyl-phenyl>-4-iodo-isoxazole-3-carboxylic acid ethylamide as an oil. 
LC retention time 2.975min [M+H]* 597.2 

Step 10 

5-(2.4-Bis4>enzyloxy-5-isbpropyl-i3henyl)-4-iodo-isoxazole-3<»rboxylic acid 
ethylamide 



BnO 




°*N' "CONHEt 



5-<2,4-Bis4)en2yloxy-5-isopropyl-phenyl)-4-iodo-isoxa2x>le-3-cartx>xy!icacld 
ethylamide (1 eq) was dissolved in an. DMF. 1 MNaaCOs (aq) was added, 
followed by 4-fonnylphenylboronic acid (2eq) and then catalytic PdCI2 
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(PPh3)2. Nitrogen was bubbled through the solution for ten minutes at 
ambient temperature, after which time, the temperature was elevated to 80°C 
under a nitrogen atmosphere, for 15 minutes. The reaction mixture was 
allowed to cbpl to room temperature and the reaction mixture was diluted with 
ethyl acetate. This solution was washed with brine, then dried over MgS04.: 
filtered and concentrated in vacuo to give an oil. Purified by column 
chromatography, eluting with 10%Ett)Ac in hexane, to give 5-<2,4-Bis- 
benzyloxy-5-isopropyl-phenyl)-4-lod6-lsoxazole-3-carboxylic add ethyiamide 

as a white, solid. 

LC retention time 2.981 min [M+H]* 575.3 

■Step-11--; 

5-(2,4-Bis-benzyloxy-5-isopropyl-phenyl)-4-<4-niorphollrH^ 
isoxa2»ie-3K»rlJoxylic add ethyiamide ■ 




5-<2,4-Bis-benzyloxy-5-isopropyl-phenyl)-4-iodo-isoxazole-3Hcarboxylic add 
eUiylamide (1 eq) was dissolved in methanol and powdered 3A sieves were . 
added. Morpholine (2eq) was added, followed by sodium cyanoborohydride 
(2eq). Acetic add (5eq) was added drop wise and the suspension. v^s stirred 
under nitafogen at ambient temperature fbr letiours. The reaction mixture vyas 
diluted with DCM and washed with sat. NaHOOaCaq). The organic phase was 
dried over MgS04, filtered and concentrated in vacuo. The resulting gum was 
purified by flash diromatography, eluting with 1 %MeOH in DCM to give 5- 
(2ABis4)enzyloxy-5-isopropyl-phenyl)-4-(4Hiriorpholirv4-ylmethyl-phe 
isoxazole-3-cart)oxylic add ethyiamide as a colouriess oil. 
LC retention time 4.42min [M+H]* 646.2 method B 
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Sfep12 

5-{2,4-Dihydroxy-5-i$opropyl-phenyl)-4-(4-morpholii>4 
isoxazole^S-carboxytic acid ethyiamide ' 




5-(2,4-Bis-benzyloxy-5HSopropyl-phenyl^)^ 

ispxazole-3^rboxyiic add ethyliarhide (leq) was dissolved in an. DCM and 
under a nitrogen atmosphere, v^s cooled to 0°C. I MBCI3 in DCM was added 
drop wise and the solution was stirred under these conditions for 30 minutes. 
Methanol (2ml) was addefd and the reaction mixture was concentrated in 
vacLio. Purification of the sample by preparative LC/MS gave 5-{2,4- 
dihydroxy^5-isopropyl-phenyl)-4-(4-morpholin-4--ylmethyl 
carboxylic acid ethylamide as a white solid. 
LC retention time 1 .991 min [M+H]* 466.3 

This compound had activity 'A* in the HspQO fluorescence polarization 
/assay; \ ''^'^r^^*^ • \ 

111 a similar manner to the preiDiaration of the conipound of example 78, 
ex^mples^ ysaki wei^^ 
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Example78v . 

Phosphoric acid 4-chloro-5-((cliethoxy-phosphoryloxy)-2-[3- 
ethylcarbamoyI-4-(4^methoxy-phenyl)-isoxa2o!-5-yll-phenyI ester 
. diethyl ester 
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To a solid ; mixture , of 5-(5-Chioro-2,4<lihydrox^^ 
phenylHspxazole-3-cairfooxylic acid ethyiaimide (11mg, 2.1 x 10"^ mmol) 
and MgO (25 mg) in a small vial. 10 drops of diethyl ohiorophosphate 
was added. The resulting mixture was heated and stinred at 70 °C for an 
hour, the progress of the reaction was monitored by TLC. When cooled. 
MeOH (1 ml) and DCM (1 ml) were added. After filtration, the solvents 
were evaporated and yellow oil was obtained, the di^phOsphoryi ester 
was separated by preparative TLC, yielding 4 mg. Rf = 0.35; NMR 5 
= 7.95 (1H, s, broad); 7.74 (1H, s); 7 55 (^H, s); 7.32 (2H. d, J = 9.0 Hz); 
6.9b (2H, d, J = 9.0 Hz); 4,30 (8H, q); 3.80 (3H, s); 3.40 (2H, q); 1.35 
(12H, t) and 1 .25 (3H, t). LCMS: (M+1 )* = 661 .1 (RT = 7.60 min.) 

Example 79 

Preparation of 5K2.4-Dlhydroxy-$-isobutyl-phehyl)-4-<4-morpholln-4-ylme^ 
phenyl)-isoxaz6le-3K:art>oxylic add ethylami^^ 




Reaction Scheme 
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1^2,4^dihydroxy-phenyl)-2-methyl--prop2ln-1^^^ 




OH 

R@$orcinot (1 eq) was taken up In BFa.OEta (6eq) and jsobutyric acid (1 eq) 
added. The solution was heated for 1 .5 hours at 90^C than allowed to cool to 
room temperature. The solution was added drop wisie to 10%NaOAc (aq) and 
allowed to stand for 4 hours, t>efbre being extracted in to EIDAc. The organic 
phases wera combined and washed with sat NaHCps (aq), then dried over 
magnesium sulfate, filtered and concentrated In vacuo to give 1-<2,4- 
dihydroxy-phenyl>*2-rnethyl-propaf>-1-orie as a red oil which was usedv\^6ut 
additional purification 

LC retention time 2.279 min [M+Hf 181.1 



Step 2 

4-lsobutyl-benzene-1 ,3-diol 
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OH 



Ethyl chlorofomnate (3 eq) was added slowly to a cooled (0 ''C) solution of 1 - 
(2,4Kllhydroxy-phenyl)-2-methyl-propanhi^ (1 eq) and triethylamlne (3 eq) 
In THF. The mixture was warmed to ambient temperature and stirred for three 
hours before being filtered and the solids washed with cold THF. The 
combined filtrates were cooled to 0 arid sodium faorohydnde (4 eq) in a ' 
volume of water equal to the THF filtrates ad^ 

warmed to ambient temperature, stirred for three hours and diluted with water. 
The mixture was twice extracted with diethyl ether^ the combined extracts 
concentrated to dryness and re-suspended in 10% aqueous sodium hydroxide 
solution (4 eq). After refluxing for 90 minutes/the mixture was qro 
acidified with 5M aq HCI and twice extracted with diethyl ether. The organic 
extracts were dired oyer magnesium sulphate, filtered and concentrated to 
dryness to give 4-isobutyl-benzene-1 ,3-diol as a cloudy oil, which was used 
without further purification. 

NMR consistent with structure. ' 

Examples: : , ^^^^^^ ^ ^ ^ ^ . ' V 

lH(2,4-Dihydir6xy-5^isobutyl-phe^ 'r;/^-^----:^''- 




4-lsobutyl-benzene-1 ,3-diol (1eq) was taken up in BF3.0Et2 (6eq) and acetic 
acid (2 eq) was added. The solution was heated for 1 6 hours at 90^C than 
allowed to cool to room temperature. The solution was added drop wise to 
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10%NaOAc (aq) and allowed to stand for 4 hours, before being extracted 
twice vyith diethyl ether The organic phases were combined and washed with 
sat NaHCOa (aq), then dried over magnesium sulfate, filtered and 
concentrated /n vacuo to give 1-(2,4Kiihydroxy-5-isobutyl-phenyl)-ethano 
which was used vvithout additional purificati 

NMR consistent with structure. 
Step4 

t-(2,4^Bls-benzyloxy-5-isobutyl-phenyl>-ethanone 



• OBn ' 

1-(2,4-Dlhydroxy^5-lsobiityl-phenyl)-etharK)ne(1 eq)vv^^ in DMF 

and potassium cartwnate (4.4 eq) then beviz^ bromide (4.4 eq) was added, 
The suspension was heated, with stirring to 150°C, under nitrogen, for. 16hr5. 
The solution was cooled to room temperature, filtered and concentrated to 
dryne^. This solid was purified coiiimn chromatography (silica, hexanesrefliyl 
aceate 4:1) then re-crystalllsed from ethyl acetate:hexanes to give 1-(2,4-Bls- 
benzyloxy-S-isobutyl-phenyljhethanorie as colourless crystals, 

LC retention time 3.030 min [M+H]* 389,3 
Steps 

4K2,4-Bls-benzyloxy-5-isobutyl-phenyl)-2,4-aioxo-butyrlc acid ethyl ester 
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Sodium (3 eq) was added to ethanol under nitrogen at room temperature and 
stinned until corinplete dissolution occured. 1-(2,4-Bis-benzyl6xy-5-isobutyl- 
phenyl)-ethanone (1 eq) was added, followed by diethyl oxalate (1 .5 eq) and 
the reaction mixture heated to reflux for 4 hours. The mixture was allowed to 
cool to room temperature and acidified with 2M HCI (aq) to give a yellow 
precipitate of 4-<2,4-Bls-benzyloxy-5-isobutyl-phenyl)-2,4-dioxo-butyri^ 
ethyl ester, which was obtained by filtration. 

LC retention time 3.254 min [lyi+Hf 489.3 

Steps 

5-(2,4-Bis-lk^nzyloxy-5-is6butyl«phenylHso^^ acid ethyl 

ester 




4-(2,4-Bis-tenzyloxy-5-isobutyl-phenyl>-2,4Kl^^^ add ethyl esffer (1 

eq) was dissolved in ethanol vwth stimng. Hydroxylamihe hydrochloride (1 .2 
eq) was added and the solution was heated to reflux for 2 hours. The reaction 
mixture was cooled to, room temperature, to give a precipitate. This . 
precipitate was obtained by fijtration to give 5-(2,4-Bis4>en±ytoxy-5-lsobutyl- 
phenyl)-lsoxazole-3-carboxylic add ethyl ester as a white solid. 

LG retention time 3.261 min [M+H]* 486.3 

Step? 

5K2,4-Bls-benzylp3iv-5-lsobutyi-pheriylHsoxazole-3-car^ 
ethyiamlde 
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BnO 




5-(2,4-Bls-berizyloxy-5-is6butyl-phenylHs^ acid ethyl ester 

wds dissolved in 2M efhyiamine in methanol (10 eq) and heated in the Smith 
Synthesiser microwave at 120°C for 600 seconds. The solution was 
concentrated /n v^cao to give 5-(2,4--bis-ben^loxy-5-iso 
isoxazole-3-carboxylic acid ethylamide as a white solid which was used 
without additional purification. 

LC retention time 3.1 12 min [M+ii]* 485.3 

Steps 

5-(2,4-Bls«benzy!oxyr5-isobutyl-phenyl)-4-iodo-*isoxazoie-3- 
acld ethylamide 




5-<2,4-Bls-benzyloxy-5-is6butyl-phenylHsoxaz6le-3-cart^ 
ethylamide (1 eq) and N-iodosuccinlmide (2.0 eq), were dissolved in 
acetonitrile, eerie ammonium nitrate (0.1 eq) added and the solution was 
stin'ed at room temperature overnight The reaction mixture was concentrated 
in vacuo and the resulting gum was partitioned between ethyl acetate and 
brined The organic phase was dried over magnesitirh sulfate, filtered and 
concentrated in vacuo. The residue was purified by column chromatography, 
eluting with 4:1 hexane: ethyl acetate, to give 5-(2,4-bis-benzyloxy-5-isobutyl- 
phenyl)-4-iodo-lsoxazole-3-cart>oxylic add ethylamide as an oil. 

LC retention time 3.089 min [M+HT 61 1 .2 
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Step 9 

5-(2,4-Bis-benzyloxy-5-lsobutyl-phenyl)-4-(4-fonnyI-phenyl)-isoxazoIe-3- 
carboxylic acid ethylamide 




5-(2ABIs45enzyl6xy-5-isobuty^phenyi)^ 

ethylamide (1 eq) was dissolved In DMF and 1M Na2C03 (aq) (3 eq) was 
added, followed by 4^fbiTnylphenyIborbnlc acid (2 eq) and catalytic 
PdCi2(PPh3)2- Nitrogen was bubblied ttirough the solution for ten minutes at 
ambient temperature, after which time, the temperature was elevated to 80*'C 
undor a nitrogen atmosphere, for 2 hours. The reac^n mixture was allowed 
to cool to room temperature and ttje reaction mixture was diluted with ethyl 
abelate: This solution was washed with brine, then dried over magnesium 
sulfate, filtered and concentrated in vacuo to glye an oil which was purified by 
column chromatography, eluting with lOVa EK)Ac in hexane, to give 5-i2,4^ 
bis4)ercyioxy-r5-isobutyH)henyl)-4-(4-foriTiyl-pheri 
acid ethylamide as a white solid.. 

LC retentiori time 5.57 min [M+Hj* 589.1 meth^^ 
Step 10 

5-(2,4-Bis-berBqfloxy-6-ls6butyi-pheriyl)-4-(4-morphoH 
phenj/IHboxazole-SHcarlaojqilic acid ethylami 
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5-(2,4-Bis-benzyloxy-5-ispbutyl-phenyi)-4-(4-formyl-^^ 

carboxylic acid ethylamide (l eq) was dissolved in methanol and powdered 3A 
sieves were added. Morpholine (2 eq) was added, followed by acetic acid (5 
eq). After stining for 30 minutes, sodium cyanoborbhydride (2 eq) was added 
portionwise and the suspension was stirred under nitrogen at ambient 
temperature for 16 hours. The reaction mixture was filtered through cellte and 
concentrated to drynessl CJolumn chromatography, eluting with 5% MeOH in 
DCM gave=5-<2,44)ls-benzyloxy-5^isobutyl-phenylH^ 
phenylHsoxa2»le-3-carboxylic add e^^ 



LC retention time 4:53 min [M+H]* 660.2 methbd B 
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Step 11 

5-(2,4-Dlhydroxy-5-isobutyl-phenyl)-4^(4^morpholin-4-ylmethyl-phenyI)- 
isoxazole-3-carboxylic acid ethylamide 




5-(2,4-Bis4)enzyIo)^-5-i^butyl-phenyi>-4-(4-mor^^ 
isoxaz6le-3-carboxyllc add ethylamide (1 ec\) was dissolved In an. DCM and 
under a nitrogen atmosphere, was cooted to 0*C. 1M BCI3 In DCM (9 eq) was 
added dropwise and the solution was stirred for 30 minutes. Methanol (2ml) 
was added and the reacfion mbdure was concentrated /n vaicuo. Purification of 
the sample by preparative UC/MS gavO 5-(2.4-dlhydroxy^.5-lsobutyl-phenyl)-4- 
(4-morpholin^ylmethyl-phenYlHsoxazole^3-cariboxyllc add ethylamide as a 
white solid. 

LC.retention time 1.902 min [M+H]* 480.3 

This compound had activity 'A' in the Hsp90 fluorescence polarizatiori 
assay. 



In a similar manner to the pneparaftTh of the compound of example 7j9; 
example 80 was prepared. Purification of ttie sample by preparative LC/MS 
gave the compound as a w^ite solid 
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ExarripleSi \ 

N-[5-(5-Chldrb-2,4-dihydroxy-^phenyl)'^ 

ylmethyl]-methahesulfonamid^^ 




OH ,^?>--/^;s^ 

N o 



Example 82 

N*[5-(5-Chloro-2,4<iihydroxy-phenylH-(4-fiuoro-phenylH^ 
ylmethyQ-acetamide 



5-(2,4--Bis-benzyloxy-5-<:hi6ip-ph 
^rboxyiic acid amide 

' ■ • F 

BnO 




BnO 0.^.<J^ 
N 



5-(2.4-Bl^eii2yloxy-5Hcrfiloro-phenyl)-4Hodo-lso acid 
amide (0.45g, O.SOmmol) was cross coupled to 4-fluorDphenyiborontc acid 
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(0.1 7g, 1.5 equiv.) using the standard conditions described above. The cmde 
product, an orange solid (0.40g), was taken on to the next step without further 
purification. 

LCMS (LCQ) tR = 8.70, MS ra/z, 529.1 [M+Hf 

(>[5-(2,4-Bis-benzyloxy-5-chloro-phenyl)-4^ 
yl]-methylamine 

/ 




To a solution of 5-(2,4-Bis4>enzylpxy-5-c^iorD-phenyl>-^ 
isoxa2ote-3-carix>xyllc acid amide (0.40g. 0.76mmol) In anhydrous . THF 
(20ml) under argon was added 1M Borane-THF. comple>c (1ml) 
solution refluxed overnight After cooling the reaction vvas quenched with 
methanol (10ml) and the product purified using a Isblute® SPE Flash SCX-2 
5g to provide 0.30g (77% yield) as a powder. 
LCMS (LCQ) tR = 7.54/MS nri/z 515.2 [M+IH]* 



HO 




N-[5-(5-Chioro-2,4-dihydroxy-phenyl)-4-(4-fluoro-phenyl)-isoxazol-3- 
ylmethylhmethanesulfonamide 

Cr[5-(2,4-Bis-benzylo)^5-chloro-phenyl>-4-(4-fluor^ 

methylahiine (liDQmg, 0.19mmol) was dissolved in E>CM (3ml) before the 
addition of methane suifonyl chloride (i7}il, 1.1 eqliiv.) and triethylamine 
(30^l, 1.1 equivi). The solution .was stirred at room temperature overnight 
before evaporated to dryness iri vacuo lea>dng a the crude benzyl protected 
product as a blue coloured residue (90mg). This was deprotected using the 
standard procedure with boron trichloride descrit>ed above arKl purified by 
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preparative TLC (10% ethanol in DCM) and soxlilet extraction of the silica by 
ether gave the pure compound as a near colourless solid (8mg, 10% yield). 
LCMS (LCQ) tR = 6-65, MS m/z 41 1 .2 [M-H]- 

5H (d4-MeOH), 7.19 (2H, m. Ar-H). 7.04 (1H, s, Ar-H), 7 03 (2H. m, Ar-H). 
6.34 (1H, s, Ar-H)^4.27 (2H. s. CH2NH), 2.81 (3H. s. S02CH3). 




NH5^5^Chlbrb-2^ihydrbxy-phenyl)-^ 
ylmiethyll-acetamicle 

To a solution of G^[5-(2,4^is4)erc:ytoxy^5TChloro-phenyl)^ 
IsoxazohS^yU-methylamine (IQOnrtg, 0.19mmol) in DCM was a<;ided acetic 
anhydride (130nli 7.0^ulv.) arid triettiylamlrib (Blfki, 3.0 equiv.). The sblutioh 
yNas stinred at room temperature until the amine was consumed. The solvent 
was removed in vamo to leave the yellow tinged oily crude benzyl protecfed 
pioducL This was deprotecfed usii^ tiie standard prpt»dure With boron 
trichloride described abov6 and purified by preparaliye TLC and spxhiet 
extraction of the silica by ether gave the pure compound as a cplouriess solid 
(lOmg, 14% yield). / 
LCMS (LC«) tR =6.57, ly/IS rrtlit 57Tll [M^^ 

5h (d^-MeOH). 7.17 (2H. m, Ar-H), 7.01 (1H, s, Ar-H). (5.98 (2H; m. Ar-H). 6.32 
(1 H. s. Ar-H). 4.37 (2H. s, CH2NH). 1 .77 (3H. s, COCH3). 

Examples 83, 84 and 85 

5^5-Ethyl-4-hydroxy-2-methoxy-phehyl)-4-(4-morphpIin-4^yimethylr 
phenyl)-lsoxazole-3-carboxylic acid ethylamide (83); ; 5-(5^Ethyl-2- 
hydroxy-4-methoxy-pheriyi)-4-(4-morpholin-4i-ylmethyl-phenyl)- 
isoxazole-3-carboxylic acid ethylamide (84); 5-(5-Ethyl-2,4-dlmethoxy- 
phenyl)-4H4-morpholln-4-ylmethyl-phenyl)-lsoxazole-3-carboxylic acid 
ethylamide (85) 
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To an argon charged flask containing 5-(5-Ethyl-2,4-diliydroxy-plienyl)-4-(4- 
morpliolin-4-ylmethy|-phenyl)-isoxazole-3H^rbox^^ acid ethylamide (25mg, 
0.055mmol) and N.N-(Dii^propyl)aminomethylpolystyrene [PS-DIEA] (35nng, 
3.83 mmol/g, 2.4 equiv.) was added anhydrous DCM (2.3ml) and anhydrous 
methanol (0.25ml). During gentle stining, 2M (Trimethylsilyl)diazomethane in 
hexanes (28^1, 1 .0.equiy.) was added and the solution stinred overnight at 
room temperature. Argon was bubbled through the solution for 10 mins, the 
resin filtered off, and the voiitiles removed /n vacuo. The crude residue was 
purified by semi-preparative HPLC to yield 5-(5-Ethylr4-hydro)cy-2-metho 
phenyl)-4-(4-morpholin-4-ylmethyl-phenyl)-isoxaz:ole-3^ acid 
ethylamide (83) (5.52mg, 21%), 5-(5-Ethyl-241ydroxy-4-methpxy-phenyl)-4^ 
.(4Tmorpho!in-4-ylmethyl-phenyl)-isoxazole-3-cart^^ acid ethylamide (84) 
(1.14mg, 4%), ; 5-<5-Efliyl-2,4HJimethoxy-phehyl>-4-(4-nriorp 
phenyl)-isoxazole-3-cart>oxylic adci ethy^^ (1.46mg, 5%) and the non- 
methylated starting material. 
83: LCMS (LCT) ta = 4.95. MS m/z 466.4 [M+HJ* 
84: LCMS (LCT)fe = 5.14, MS m/z 466.4 [M+^^ 
(85): LCMS (LCT) 1r = 5.45. MS m/z 480.4 [M+Hl* 

. NMR data confirmed thie alignments. 

Exampie86 . / 

Ethyl . 5-(5H;hloro-2rhydroxy-phenyl)-4-(4rmorphplin-4«y^ 
isoxazole-3-carfooxamide . 
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Stepi . 
Methyl 2-b(Bnzoyloxy-5-chlQro-benzoate 




'0(W> 



A mixture of methyl 5-chloro-2-hydroxy-benzoate (2.5 g, 1314 mmol), I^COa 
(3.7 g, 26.8 mmol) and l)enzyl bromide (2.98 g. 17.4 mmol) in acetone (30 ml) 
was refluxed for 12 liours. After cooling, acetone was evaporated. EtOAc (100 
ml) was added and filtered. The organic layer was then washed with 1M HCI 
(I X 80 mi), brine (2 x 80 ml) and dried with Na2S04. After filtration and 
evaporation of the solvent, yellow semi-solids were obtained (3.2 g). NMR 
(de-acetone) 8 = 7.73 (1H» d); 7,60 - 7.30 (1H + 5H. m); 7.28 (1H. d); 5.30 
(2H,s) and 3.90 (3H.S). 

. Step 2 _ . ; 
H2-Benryloxy-^hlbroTphenyl)-2Ktriphenyl-X^-pho 

.etharione 




To a stiiTCd suspension of triphenylphosphonlum bromide (2.14 g. 6.0 mmol) 
in dried THF (30 ml) at room temperature was added 1;6M n-BuU In hexane 
(5.25 tnl. 8.39 mmol). The orange suspension was stirred for 3 hours. Next, a 
solution of methyl 2-benzoyloxy-5-chloro-benzoate (0.83 g. 3.0 mmol) in THF 
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(8 ml) was slowly added. The resulting mixture was stirred at 60 °C for 2 hours 
and filtered after cooled. DCM (100 ml) was added to the filtrate and the 
combing organic layers were washed with brine (2 x 80 ml). After filtration 
and evaporation of the solvent, yellow oil was obtained (2:0 g). They were 
then purified by chromatography, eluted with EtOAc : hexane / 1 : 1, yielded 
0.97 g solids! Rf = 0.43.\'H NMR (de-acetohe) 5 = 7.80 - 7.52 (20H, m); 7.40 - 
7.20 (1H + 1H + 1H, m); 5.25 (2H, s); 4.72 (1H, s, trans-H) and 4.62 (1H, s, 
c/s-H). LCMS: (M+l)"^ = 521.2 (RT = 5.94 mi^^^^^ 

.Step3 V 

Ethyl 4-(2-benzyloxy-5K;hloro*phehyi)-2,4-diox^ 
phosphahylidene)-butyrate . 




to a soiiition of lH[2-Behzylbxyr5-chibi^ 
phosphahylidene)-ethianone (0.49 g. 0.94 mmbi). NEts (96 mg. 0.94 mmol) 
and DMAP (12 mg, 0.09 mmol) in dry toluene (20 ml) at room temperature, 
ethyl chlorooxoacetate (6.38 g, 2.78 mmol) in toluene (5 ml) was iadded. The 
mixture was stirred for 2 hours and poured into water (50 ml). The organic 
layer was separated and the aq. layer was extracted witti EtOAc (2 x 40 ml). 
The combined organic layers were tiien washed with sat NaHCOa soluflbn (2 
X 40 ml), sat dtric acid (1 x 40 rnl), brine (1 x 40 mi) and dried. Crude oil (0.36 
g) was purified by chromatpgraphy, eluted with EtOAc. Rf = 0.88. NMR (de- 
acetone) 6 = 7:75 - 7.40 (15H, m); 7.30 (1H, dd); 7.15 (1H, d); 7:05 (IH, d); 
5.10 (2H. s); 3.60 (2H, q) and 1 10 (3H. s). LCMS: (M+1)* = 621.2 (RT = 6.49 
min.) 

Step4 
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Ethyl 3-(2-benzoyloxy-^hIoro-benzdyl)-3-bromo-3H-azirine-2- 
carfooxylate 




cooe 



To a solution of eth^l 4^24)ehzyloxyT5^loro-pheh 

l'-phbsphanylidene)^butyrate (0.143 g. 0.23 mmbi) In DCM (8 ml) at room 
temperature; a mixture bf TMSN3 (40 mg. 0.35 mmbI) and NBS (62 mg. 0.35 
mmol) In d6m (6 nil) Wais ^ddk^^^ sbluteh vyas stirred top 2 

houre After evatxwation o^^^^ isolvent, the crude prbduct was purified by 
pr«^ratlve TLC. Yellbw solids (38 itig) were obtained; f?f ;= 0.73 
(EtbAc:he}cane 1:2). NMR (d^acetohe) 5 7.80 (1H, d); 7;60 (1H, dd); 
7.40 (5H. m); 7.30 (1H. d); 5.20 (2H, s); 4,10 (2H. q) arid 1.00 (3H. t). LCiyiS: 
(M+1)* = 438.0 (RT = 7.32 min.) 

Steps . ■ . ■ 

■ - - I 

Ethyl 5-(2-boiwoylo)^-^hloro-phenyl)^-bromo^lsoxazole-3-carboxyIate 




Ethyl 3^2 benzoyloxy-^<*Ioro-benzoyl)-34)rorfK)-3H-azirine-2-c^^ 
(55 mg, 0.12 mmbI) was heated at reflux in dry toluene tor 2 hours. After 
evaporation of the solvent, crude solids (34 mg) Were obtained and purified by 
preparative TLC (fetOAc: hexane / 1 : 2). H = 0-73 (fluoresicerit). NMR (d^ 
acetone) 5 = 7.60 (IH. d); 7.50 (1H. dd); 7,40 (1H. d): 7 30 (5H, m); 5.25 (2H, 
s); 4:42 (2H. q) and 1 .40 (3H. t). LCMS: (M+1 )* = 438.0 (RT = 7.09 min.) 



Step 6 
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Ethyl 5-(2-benzyloxy'-5-chloro-phenyl)-4-bromo-isoxazole-^-caiiioxanfiide 




To a solution of ethyl 5-(2-benzoylo)^~5H^hloro-phenyl)-4-bromD-^^^ 
carboxylate (30 mg, 6.8 x 10"^ mmol) In EtOH (1 ml), ethylamlne (70 % in 
water, 1 ml) was added. The solution was heated at 100 ;°C In a CEM^ 
microwave ; reactor (200W) for one hour. After that; the solvent was ' 
evaporated and the corhpourid. purified by preparative TLC to yield solids (20 
mg). Rf = 0.39;(EtpAc: hexane / 1 : 4). NMR (de-acetone) 5 = 8.10 (1H. s, 
broad); 7.50 (1H, d); 7.45 - 7.35 (1H + 1 H. m); 7:25 (6H, m^^ 
3.40 (2H. q) and 1.20 (3H. t). LCMS: (M+1)* = 437^1 (RT = 6.57 mia) 

•Step 7 . "i- 

Ethyl 5-(2-benzyloxy-5-chloro-phenyl)HH4-morph 
phenyl)-isoxazole-3-Carboxamide 

A mixture of ethyl S-(2-erizyloxy-5*chlorx>-phenyl>:44)r^ 
carboxamide (30 mg, 5.6 x 10"^ mmol). Pd(Ph3P)4 (4 mg. 3.5 x 10"* mmoQ. 
4[4-<4,4.5.5-Tetramethyi-[1,3,2]dto3^borplan-2-yl)-berezy^ (63 mg, 

0.2 mmol) and 1M NaHCOs soiutioii (0.2 m|). in DME (1 mi) was stinned at 80 
. °C under Ait|on gas for 16 hours. After cooling, ttie soiution was diluted with 
water (8 ml) and ;extra<^<^ wiOi EtOAc (2 x 20 ml), the combined, organic, 
layers were washed with brine (1 x 20 nril) and dried. After filtration and 
evaporation of the solvents, the crude product was purified by preparative 
TLC, yielded 30 mg solids. Rf = 0.44 (EtOAc). NMR (de-acetbne) 5 = 8.25 
(1H. s. broad); 7.60 (1H. d); 7.65 (1H, dd); 7.45 (IH^ d); 7.30 - 6.90 (9H, m); 
5.00 (2H. s); 3.55 (4H, m); 3.45 (2H + 2H, s + q); 2.30 (4H. m) and 1^20 (3H. 
t). LCMS: (1^1+1)"^ = 532.2 (RT = 4.39 min.) . 
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Step 8 

Ethyl 5^(5-chloro.2-hydroxyrphenyl)-4K4-morpholin-4.^ 
isoxazole-3-carboxamide 




To a soIuBon of ethyl 5-(2-bercyloxy-5-chloro-phenyl)-4-(4-^m^^ 
ylmethyl-i)henyl>-lsoxazole-3<»rboxamida (^ mg. 4.7 x 10:^ mmpi) In DCM 
(5 ml) at 0 °C. 1M BCb in DCM (0.15 ml) was added. The resulUng cloudy 
yellow solution was then stirred at 0 for 15 minutes and room temperature 
3 tp 4 hours until It bPcame clear. After that, the solutipn was quenched by 
lOleOH (1 ihi) Sat NaHCOa (1 ml) vysjs then added and extracted with EtOAc 
(2x2 ml) and dried. After the k)IVent was filtered ahd evaporated, the crtide 
oil was purified by preparative TLC (EtOAc: MeOH / 50 : 1). yielded 12 mg 
solids. NMR ,(d4-MeOD) 5 = 7.60 (2H. d); 7.50 - 7.30.(1H + 1H + 1H; m); 
7.00 (2H. d); 3.70 (4H. m): 3,60 (2H. s); 3.50 (2H. q); 2.60 (4H. m) and 1.25 
(3H. t). LCMS: (M+1 1 = 442.2 (RT = 3.54 min.) 



The 4-hydro)Q^ isomer was prepared in a similar way as Its 2-hydroxy 
counterpart as follows: 



Example'87:. -• • s.i:"'.- :' .- ;^■.■'vr- 

Ettiyl 5-<3<hloro-4-hydr6xy-phenyl)^4-morpholin-4-ylmethyl-phen^^ 

isoxazole-S-carboxamide . : 



wo 2004/0720S1 



136 



PCT/GB20O4/0OO5O6 




Stepi 

iAethyl 4Tbenzoyloxy<3-chlpro-behzpate 




Methyl a^jhloro^-hydroxy-benzoate (I.Og, 5.36 gave a crude solid 

(1.57g).^H NMR (de-acetphe) 5 = 8.00^^^(^^^ 

m); 7,35 (1H/d)^5.40(2Ks) and 13.90 \ 

Step 2 

1-{4-Benzyloxy-3-Qhloro-phenyl)-2-{trlphenyl-X'-phosphanylldene)- 
ethanone 




Methyl 44>enzoyloxy-^K*Ioro-benzoate (1.5 g, 5.40 mmol) gave a crude solid 
(2.5g). Rf = 0.31 (EtOAc : hexane / 1 : 1). NMR (de-acetone) 6 = 8.0| (1H. 
d); 7:90 (1H. dd); 7.85 - 7.35 (^oW. m); 7.20 (1H. d); 5^30 (2H, s): 4.60t1H. s. 
frans-H) and 4.50 (1 H. s. c/s-H). LCMS: (M+1 )* = 521 .2 (RT = 5.29 ntfh.) 



Step 3 

Ethyl 4-(4-benzyloxy-3-chloro-phenyl)-2,4-dioxo^trlphenyl-X* 
phosphanylldene)-butyrate 
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o o 



1 -(4-Benzyloxy-3<:hloro-phenyl)-2-<triphenyl-A.^-phosphanyl 
(1.84 g, 3.53 mmol) gave a caide solid (1.43g). NMR (de-acetone) 5 = 8.00 
- 7.35 (22H, m): 7.20 (1H, d); 5.35 (2H, s); 3.55 (2H. q) and 1:14 (3H, s). 
LCMS: (M+1)* = 621 .2 (RT = 7.29 mln.) 

Step. 4 • ; '\ ' ^ 

Ethyl 3^4^bisnz6yloxy-:3-chlor6-benzoyl)-3^ 
carboxyiate 




Ethyl 4-(4-benzyloxy-3Kdiloro^>henyl)-2,4Klloxo-3-(triphenyl-^^ 
phosphanylidene)-butyrate (0.74 g, 1.19 mmol) gave a solid (0.168 g) after 
column and preparative TLC purification. Rf= 0.24 (EtOAc : hexane / 1 : 6). 
NMR (de-acetone) 5 = 8.00 (1H, d); 7.90 (1H. dd); 7.50 (1H, d); 7.40 (5H. m); 
5.40 (2H. s); 4.05 (2H, q) and 0.95 (3H. t). LCMS: (M+1)* = 438.1 (RT = 7.27 
min.) 

Steps 

Ethyi 5-(4-benzoyloxy--3-chloro-phenyl)-4-br6mo-isoxazole-3<«ar^ 




Ethyl 3-(44)en2oylo)<y-3-chloro-benzoyl)r3-bromo-3H-2^^ 
(68 mg, 0.16 mmol) gave a solid (20 mg) after preparative TLC and 
crystallisation (EtOH). Rf = 0.26 (fluorescent) (EtOAc: hexane / 1 : 4). NMR 
(de-acetone) 5 = 8.00 (1H, d); 7.90 (1H, dd); 7.50 (1H. d); 7.40 (5H. m); 6.35 
(2H. s); 4.45 (2H, q) and 1.40 (3H, t). LCMS: (M+1)* = 438.0 (RT = 7.39 min.) 
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Step 6 

Ethyl 5-(4-benzyIoxy-3^chlorp-phenYl)-4-bromo-lsoxazole^-3-carboxam 




Ethyl 5K4-l)en2oyloxy-3-chloro-phenylH^ro'^o-"'s^^ 

mg. 2.3 x 10'^ mmol) gave a crude solid (8 mg). Rf = 0.53 (EtOAc: hexane / 1 : 
: 2);;^H4NMR (d^-acetone) 5 - 8.15 (1H, s. broad); 8.00 (1H. d); 7.90 (1H. dd); 
7.50 (1H. d); 7.40 {5H, m); 5.32 (2H. s); 3.42 (2H, q) and 1.20 (3^. t^- 

Step7' • ;■ 

Ethyl 5-(4-ben2yloxy-3-chIbrb-phehyl)-4-(4-m6iph6Un-4-ylme^^ 

phi8nyl>-lsoxazole-3-carboxamide' 



Ethyl 5K4-ben^oxy-3-chtoro-phehyl)-4-brorTK)-lsoxa2mIe-3K:art)oxarnide (10 
mg, 2,3 X 10"^ mmol) gave a crude solid (10 mg). which was then used, in the 
next step without any further purification. 

Step 8 ' • 

Ethyl 5K3-chloro-4-hydroxy-i>henyI)-4-(4-inorpholin-4-ylmethyi-phenyl)- 

Isoxazole-3-carboxamldo 




Ethyl 5^44)enzy!6xy-3-chloro-phenyl)-4-(4-rnorpholin-4-ylrnethyl-phenyl)- 
isoxazole-3-rart)oxamide (8 mg. 1.5 x 10'^ mmol) gave a crude solid (2 mg) 
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after twice purifled by preparative TLC (EtOAc: MeOH / 50 : 1). NMR {d4- 
MeOD) 5 = 7.70 (2H. d); 7.60 (1H, d); 7.45 (1H + 1H. m); 7.00 (2H, d); 3.80 
(4H. m); 3.75 (2H, s); 3.50 (2H. q); 2.82 (4H. m) and 1,25 (3H. t). LCMS: 
(M+1)* = 442.2 (RT = 4.47 min.) 



Example88: 

:3T[4-(4-Brofno-phenyl)-iisoxazoi-5-yl^^ 
benzaldehyde 




CHO 



3-(4-Bromo-phenyl)-6-<*iIorc>74iydroxyK:hromen^^ (0.35g, 1mmol) and 
hexamethylene tetramine (0.14g, 1mmol) were dissolved in glacial acetic acid 
(20ml) and heated overnight at l OO^C. Wann 6M HCI (10ml) was added and - 
the mixture heated for a further hour before being poured in to water. The 
predpitate formed was filtered, washed and dried to provide the pure desired 
product as a pale brown solid. 

LCMS (LCQ) tR = 8.27, MS m/z 377.3 / 379,2 [M-HT 

Step2 • 

3-[4r(4^Bromo-phenyi>-isoxazol-5-yq-5-chioro-2,6Klihy^ 
benzaldehyde 
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To a solution of 3-(4-bromo-phenyl>-6K*loro-7-hydroxy-4-<)x64H^ 
8-carbaldehyde §3.5 mg. 0.14 mmol) in EtOH (6 ml), hydroxylamine 
hydrochloride (100 mg, 1 .4 mmol) vvas added, resulting m'DCture was 
heated at reflux for 16 hours. EtOH was evaporated and EtOAc (20 mi) w^s 
added. The organic layer was washed with sal. NaHCOa and dried. Solids (33 
mg) were obtained when the resulting oil was triturated with ether. NMR 
(ds-DMSO) 5 = 9.83 (1H. s); 8.70 (IH. s); 8.21 (1H. s); 7.78 (2H. d) and 7.6« 
(2H, s). LCMS: (M+1 )* = 394.1 (RT = 8.60 min.) . 

Example89 

5-(£f-Ethyl-2-^hi^droxy-4-methoxy-p^^^^ 
carboxyllc acid hydro:?cyamide 




Ethyl resordnol (5.37 g. 39 mmol) and 4-fluorophenylacetic add (6.00 g, 39 
mmol) were dissolved in etiierate BF3 (40 ml). The solution was heated at 80 
°C for 4 hours. When cooled, water (100 ml) was added carefully and the 
solution was extracted with EtOAc (2 x 80 ml). The organic layers were then 
washed with sat. NaHCOa (caution) (2 x 100 ml) and brine (2 x 100 ml) and 
dried with Na2S04. After purification with decolourising charcoal, a dari< green 
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symp (10.5 g) was obtained. Rf = 0.4 (EtOAcrn-hexane / 1:3). The compound 
was used in the next step without further purification. NMR (de-acetone) 5 = 
7.80 (1 H, s); 7.35 (2H. m); 7.00 (1 H. m); 6.35 (1 H. s); 4.35 (2H. s); 2.55 (2H, 
q) and 1.10 (3H. t). 

•.Step2-- • ; 

4-(5-Ethyl-2»4-dihydroxy-phenyl)-3-(4-fluoro-ph^^ > 
acid ethyl ester 



To a solution of 1-(5-Ethyl-2i4-<Jihydroxy-phenyl>-2-(4^fluoro-phenyl>-eth 
(10.3 g, 37.6 mmol) in dried pyridine (100 ml) at 0 .^C, ethyl chlorooxoacetate 
(15.4 g, 112.8 mmol) was added. The solution was stirred at 0 for 4 hours 
and at room temperature for 16 hours. The aq. layer was neutralised with 1M 
HCI and extracted with DCM (2 x 100 ml). The combined DCM layeirs were 
then washed with 2M HCI (2 x 80 nril), sat NaHCOs (1 x 100 ml), brine (1 x 
100 ml) and dried with Na2S04. After filtration and evaporation of the solvent, 
dark brown oil was obtained (1 1 .4 g). Rf = 0.22 (EtOAcrn-hexahe / 1 :2). LCMS 
shows it Is a mixture of desired product [(M-1)' = 373.1, RT = 7.27) and the 
cydised chromene carboxylate [(lyU)' = 355.4, RT = 7.83) in a ratio of ca. 6 : 
1. A small amount of sample was purified l>y prep. TLC for spectroscopic 
analysis. NMR (de-acetone) 5 = 7.75 (1H, s); 7.30 (2H, m); 7.00 (IH. m); 
6.45 (1H, s); 4.65 (1H. s); 4.25 (2H. q); 2.55 (2H; q) and 1.10 (6H, t> 

Step 3 

6-Ethyl-3-(4-fiuoro^phenyl)-7-hydroxy-4K>xo-4H-^hromene<-2^^ 
acid ethyl ester 




4-(5-Ethyl-2,4<lihydrpxy-phenyl)-3-(4-fluoro-phenyl)-2,4Kliox^ add 
ethyl ester (3.22 g, 8.6 mmol) was refluxed in a mixture of 0.8M HCI and 
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MeOH (20 ml / 20 ml) for 3 hours at 100 °C. After that. MeOH was evaporated 
and the aq. layer Wjas extracted with EtOAc (2 x 60 ml). The combined organic 
layers were washed with sat NaHCOa (1 x 80 ml), brine (2 x 80 ml), water (1 
X 80 ml) and dri^ with Na2S04. After purification with decolourising charcoal 
and evaporation of the solvent, brown sticky solids were otitained. They were 
then extracted vwth hot ether, dark yellow solids were obtained (0.26^ g). Rf = 
0.43 (EtOAc:h.hexane / 1:2), LCMS:,(M + 1)* = 357.3 (RT = 7.83). NMR 
(de-acetone) 5 = 9.75 (1H. s): 7.80 (1H, s); 7.25 (2H. m); t.'IO (iH, m); S^go 
(1 H, s); 4.05 (2H. q); 2.70 (2H, q); 1 .20 (3H, t) and 0.95 (3H, t). 

Step 4 

6-Emyi-3K4-fiuoro-phenyl)-7Hneih6xy-4"OXo-4H^ 
acid ethyl ester 




iodomethane (0.10ml, 12 equiv.) Was added to a solution of 6^Ethy^5^4- 
fluoro-phenyl)-^7-hydroxy-4-ox6-4H-chromene-2-cart)Oxylic add ethyl ester 
(50mg, 0.14 mmol) and potassium cartx)nate (58mg, 3.0 equiv.) In acetone 
and the nilxture refluxed overnight The volatiles were then evaporated in 
. vacuo and the residue partitioned between water (ISml) and EtOAc(15rril). 
The organic Iaiy6r Was washed with brine, dried over MgS04 and evaporated 
to dryness in vacuo to give a white crystalline product (45mg, 87% yield) 

5h (CDCI3), 7.96 (1H, s, Ar-H), 7.27 (2H. m, Ar-H), 7.12 (2H. m, Ar-H), 6.92 
(1H, s, Ar-H),. 4.16 (2H. q, CO2CW2CH3 ). 3.95 (3li, s, OCHaX Z^I (3H, q. 
C/tCHa). 1.24 (mt CO2CH2CH3), 1.04 (3H, t CH2CH3) 

Step 5 

5-(5-Ethyl-2-hydroxy-4-methoxy-phenyl)-4-(4-fluorQrphenyi)-lsoxazo.le-3- 
carbbxyllc acid hydroxyamide 
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To . 6-Ethyl-3K4-fiuoro-phenyi)-7-^ethb>7-4K>xp-4H 
add eth^ ester (25mg, 0.068mmol) in etiianoi (2.5ml) was^ a 
hydrbxylamine (50% in water, 1ml) and the soiiiUon stinned for 48h. The 
voiatiles were evaporateid off in vaciio and the residue purified by preparative 
TLC (10% MeOH In DCM) to giye the desired product as a light biown solid 
•(3mg. 12% yield). 

LCi\4S (LCT^ tR = 6.54, MS nn/z 373.17 [M+H]* 

6h (d^Acetorie), 10.73 (IH, broad s)i 8.59 (1 H, broad s), 7.39 (2H, m, Ar-H), 
7.07 (2H. m. Ar-H), 7.00 (IH. s, Ar-H). 6,55 (1 H. s. Ar-H), 3.82 (3H, s, OCH3). 
2.48 (2H. q, CH2CH3). 1.30(1 H, broad s). i.01 (3H. % CH2CH3)- 
Example90 . 

5-(5-Ethyl-2,4-dlhydroxy-phenv4)-4-<4-fluoro-phenyl)-isoxazdle-^ 
carboxylic acid hydroxyamide . 




To ' 6-Ettiyl-3-<4^fluon>^hehy|)-7-hydipxy-4^^ 

add ethyl ester X25mg. 0.070 mmol) in ethanol (2.5mi) was added 
hydroxytamine (50% in water, imi) and the solution stirred for 48hrs. The 
volitiles were evaporated off in viacuo and the /esfdiie piiirifled by preparative 
TLC (15% ly/lebH in DCM) to give the desirejd product as a brown solid (2mg. 
8% yield)! 

LCMS (LCT) tR = 5.&S, MS m/z 359.13 [M+HT 
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5h (de-Acetone), 10.72 (1H, broad s; CONH), 8.69 (1H, broad s. Ar-OH), 8.59 
(1H. broad s, Ar-OH), 7.39 (2H, m, Ar-H), 7.06 (2H. m, Ar-H). 6.99 (1H. s. Ar- 
H). 6.52 (1H. s, Ar-H). 2.49 (2H, q, CH2CH3). 1.31 (1H, broad s), 1.08 (3H. t. 

CH2CH3).' 

Biological Results 

The intrinsic ATPase activity of liSP90 may be measured using yeast HSP90 
as a model system. The assay, based on the use of maiachite green for the 
^ measurement of inorgariic phosphate, was used to test ttie HSP90 inhibitory 
activity of some of the compounds of the Examples herein. 

Malachite Green ATPase Assay 
Materials 

Chemicals are of the highest purity cdrnmerciaily available and ail aqueous 
solutions are made up in AR water. Because pf ttie need to minimise 
contamination with inorganic phosphate, precautiohs should be taken with 
solutions and apparatus used in the assays. Glassware and pH meters are 
rinsed with double distilled or dejonised water befpre use and, wherever 
possible, plastic ware should be used. Gloves are wbm for all procedures. 

(1) Greiner 384-well (Greiner 781101) or Costar 384-well flat-bottomed 
polystyrene muitiwell plates (\A/VR). 

(2) Assay buffer of (a) lOOmM Tris-HCI, pH 7.4. (b) 150mlVI KGI, (c) 6mM 
MgCl2. Stored at room temperature. 

(3) 0.0812% (w/v) malachite green (M 9636, Sigma Aldric^ Ltd., Poole, 
UK). Stored at rooni temperature. 

(4) 2.32% (w/v) polyvinyl alcohol USP (P 1097, Sigma Ajdrich Ltd, Poole, 
UK) in lx)iling water (see Cornment 1 ). allowed to oool, and stored at 
room temperature. . 

(5) 5.72% (w/v) ammonium molybdate in 6 M hydrochloric acid. Stored at 
room temperature. 

(6) 34% (w/v) sodium citrate. Stored at room temperature. 
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(7) lOOmM ATP. disodium saft, special quality (47699, Sigma Aldrich). 
Stored at -20^C. - 

(8) E. toll expressed yeast HSP90 protein,; purified >95% (see, e.g., 
Panaretou et al.. 1998) and stored in 50uL aliquots at -80°C . 

Method ■ 

1 . Dilute test compounds to 500)xM in AR water (DMSO concentration will 
be 2.5%). Transfer 2.5|ir of these compblinids directly from the 
daughter plate to the assay plate, giving a final assay concentration of 
lOOjoM. To obtain 12 point IC50 values, perform serial dilutions 1:2 to 
producie a range of assay concentrations from 100|aM to 97.6nM {2.5% 
DMSO), and trarisfer 2.5jil of each concentration into the assay plate. 
Column lin the assay plate contains no compound, as a negative 
coritrol. An additional row wi^ no €X)mppund is also used as a 
background. 

2. Prepare ATP by diluting lOOmM stock to 925|xM with assay buffer, and 
aliquot 5^1 of diluted ATP to eadi wejl including con^l^ (final assay 
coiicentiration 370|xM). 

3. Add 5}il of buffer to background row. . 

4. Dilute enzyme preparation to 1.05^M vioth assay buffer, and aliquot 5^l 
into each compound well and to the negative control column. 

. 5. Collect the reagents fo the tx3ttom of ttie well, coyer plate with plate 
seal and incubate overnight at 37degC. 

6. First thing in the morning prepare the Malachite Green Reagent. Add 
2parts of Malachite Green Solution, 1 part of Polyvinyl Alcohol Solution, 
1 part of Ammonium Molybdate Solution, and 2 parts of AR water. 

7. Invert to mix, and leave for approximately 1 hour until the colour turns 
from brown to golden yellow. 

8. Add 40fii of Malachite Green Reagent to each well, allow 5 mins for 
colour to develop. 

9. Add 5y\ of Sodium Citrate Reagent to each well (see comment 2) 

10. Re-cover with plate seal and shake on plate shaker for at least 15 
mins- 
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II.Measure Absorbance at 620nM using a suitable plate reader (e.g. 
Victor, Perkin Elmer Life Sciences, Milton Keynes, UK). Under these 
conditions, tine control absorbance is 0.9 to 1,4, and the background is 
0.2-0.35 gl^^ng a signal to noise ratio of -12. The Z factor calculated 
from data obtained using these conditions is between 0.6 and 0.9. 

Comments 

(1) The polyvinyl alcohol dissolves In boiling water with drfRciilty and 
stimrig for 2-3 h IS required, 
r"^^^^ malachite green reagent and 

the sodium citirate should be kept as short as possible in order to 
. reduc^ the nbn-enzymatic hydrolysis of ATP. Once the sbdium citrate 
is added, the colour is stable for up to 4 h at robrti terihperature. 

can be addekj Id the assay plait^ using a Bfomek FX 
Robot (Beckrhahf C^ A MuWdfop 384 dispehser (Ther^^ 

Labsystems, Basingstoke, UK) can be convententiy : usfed to add 
reagents to th^ plate. ^ / r : 

(4) The assay cond'i^ 

substrate concentratton In order to achieve minimal protein 
concentration whilst retaining signal to noise differehtial. 

(5) : Signal to noise (S/N) is calculated using the following equation: 
(S-B)/ >f(SD of Sf + (SD of 

(6) To dete^^ acHvity of HSP90, a range of inorganic 
phosphate concentrations (0-10 pM) are prepared and the absorbance 
ait 620 nm measured as described. Specific activity is calculated from 
there^ 

. The compounds tested in the above assay were assigned to one of two 
activity ranges, namely A = <50jiM; B = >50jiM, and those assignments are 
reported above. 
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A growth inhibition assay was also employed for the evaluation of candidate 
HSP90 inhibitors: \ 

Assessment of cvtotoxicitv bv Sulforhodamine B (SRB) assay: calculation of 
50% inhibitory concentration HCgn). 

Day 1 ; ■ - ' ■ . . . ^ " ' 

1 ) Deterrnine cell number by haembcytometer. , 

2) Using an 8 channel rnultipipettor, add 160^| of the cell suspension (3600 
/ celis/Weii or 2 }c lO'^qells/mi) to each well of a^96-Well microtjtire plate.^ 

3) Incubate dyemight at 37^C in a CO2 incubator. 

Pay2 • " \ * .-^ ■ •■ 

4) Stock solutions of drugs are prepared, arid serial diliitionis of each drug are 
performed in medium to giye final concentrations in wells. 

5) Using a multipipettor, 40|J of drug (at 5x final concentration) Is added to 
quadruplicate wells. 

6) Control wells are at eithefr side of the 96 well plates, where 40^1 of medium 
\. . Is; added;; 

7) incubate plates in C62 incubator for 4 days (48 hours). 

Day6 : . 

8) Tip off medium into sink and Immerse plate slowly Into 10% ice cold 
trichloroacetic acid (TCA). Leave for about 36mlns on led. 

9) Wash plates three times In tap water by immersing the plates into baths of 
tap water and tipping it off. 

1 0) Dry in incubator. 
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11) Add 100^1 of 0.4% SRB in 1 %acetic acid to eacii well (except the last row 
(right hand)of the 96 well plate, this is the 0% control, ie no drug, no stain. 
The first row will be the 100% control with no daig, but with stain). Leave 

^fbrlSmins. 

1 2) Vyash off unbound SRB stain with four washes of 1 % acetic acid. 

13) Dry plates in incubator. 

14) Solubilise SRB using lOOjil of 10mM Tris base and put plates on plate 
shaker for 5 mins. ' . 

15) Determine absofbance at 540nm using a plate reader. Calculate mean 
absorbance for quadruplicate wells and express as a percentage 6f value 
iforcbntrbl^^^ 

16) PjSt'% versus ibg dmi^ concentration and deterrnlne 

thelCso. . ^ ■ - ■ \ 

By way of illustration, the compound of Example 2 gave an IC50 In the 'A' 
range (<5buM) for the SRB growth arrest assay. 

A Fluorescence Polarization^assay was also employed for the evaluation of 
some of the compounds of the Exarriples: 

Fluorescence Polarization Assay 

Fluorescence polarization {also loiown as fluorescence anisotropy} measures 
the rotation of a fluoresdng species in solution, where the larger molecule the 
more polarizekl the fluorescence emission. 

When the fluorophore is excited \Artth polarized light, the emitted light is also 
polarized. The molecular size Is proportional to the polarization of the 
fluorescence emission. 



The fluoroscein-labelled probe - RBT0Q45864-FAM - 



wo 2004/072051 



149 



PCT/GB2004/000506 



binds to HSP90 { full-length human, fulHength yeast or N-temiinal domain 
HSP90 } and the anisotropy {rotation of the proberprotein complex} is 
measured. 

Test compound is added to the assay plate/ left to eiquilibrate and the 
anisotropy measured again. Any change in anisotropy is due to competitive 
binding of compound to HSP90, thereby releasing probe. 

Materials 

Chemicals are of the highest purity commercially available and all aqiieous 
solutions are made up in AR water. 



1 ) CdsW 96-weli black assay plate #391 5 

2) Assay buffer of (a)100mM Tris pH7.4; (b) 20mM KO; (c) 6mM MgCt 
Stored at room temperature. 

3) BSA (bovine serum albumen) 1 0 mg/ml (New England Biolabs # B9001 S) 

4) 20 mM probe in 100 % DMSO stock concentration. Stored in the dark at 
RT. Working concentration Is 200 nM diluted in AR water and stored at 4 
^C. Rnal concentration in assay 80 liM. 

5) E. coii expirisssed hiinlan fulHength HSF*90 proteih. purified >95% (see, 
e.g., Panaretou et al., 1998) and stored in 50pL aliquots at -80°C . 

Protocol 

1) Add lOOpllxbufferto wells 11A and 12A(=FPBLNK) 

2) Prepare assay mix — all reagents are kept on ice with a lid on the 
bucket as the probe is light-sensitive. - . 

i. RnalConc" 

• 1xHsp90FP Buffer 10 ml 1x 

• BSA10mg/ml(NEB) 5.0 \A 5\sg/m\ 

• Probe 200ijM 4.0 |jl 80 nM 

• Human fulHength Hsp90 6.25 |jI 200 nM 
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3) AHquot 1 00|jl assay mix to all other wells 

4) Seal plate and leave in dark at room temp for 20 minutes* to equilibrate 
Compound Dilution Plate - 1 X 3 dilution series 

1) In a clear 96-weli v-bottom plate - {# VWR d07/008/257} add iO pi 
100% DMSOtowells B1 to H11 : . 

2) To wells A1 to A11 add 17.5mI 100% DMSO 

3) Add 2.5 pi cpd to A1. This gives 2.5 mM {50x} stock cpd - assuming 
cpds20mM: 

4) Repeat for wells A2 to A1 0. Control in columns 1 1 and 12. 

5) Transfer 5 pi from row A to row B- not column 12. Mix well. 

6) Transfer 5 pi from row B to row G. Mix weH^ . \ 

• 7) Repeat to row G. - 

8) Do not add any corhpound to row H - this Is the 0 row. 

9) This produces a 1x3 dilution series from 50 pM to 0.07. pM, 

1 0) ln well B12 prepare 20 pi of 100 pM standard compfound. 

1 1 )After first incubation the assay plate is read on a Fusion™ a-FP plate 
reader (Packard BioSdence, Pangbpume, Berkshire.l^^ 

1 2) Afl:er the first read, 2 pi of diluted corripoiind is addied to/oach well for 
dolumns 1 to^ 10. In column 11 ^rovkies standard curve} only add 
compound B1 1 - H1 1 . Add 2 pi of lOOmM standard cpd to wells B1 2— 
HI 2 {is positive control } 

13) The Z factor is calculated from zero controls and positive wells. It 
typically gives a value of 6.7 -.0.9. 

The compounds tested in the above assay were assigned to one of two 1. 
activity ranges, narhely A = <10^iM; B = >10pM, and those assignments are 
reported above. By way of illustration, the compound of Example 2 gave an 
IC50 in the W range. 
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Claims 

1 . The use of a compound of fomriula (A) or (B) or a salt, N-oxide, hydrate 
or solvate thereof, or a prodrug thereof, in the preparation of a composition for 
inhibition of HSP90 activity: 




(A) ; , : (B) - v 

wherein v ^ 

Ri is a group of formula (lA): 

-ArMAIk\-(Z)r(Allc2)s-^ (fA) 
wherein in any compatible combination 

Ar^ is an optionally substituted aryl or heteroaryi radical, 

Alk'' and Alk^ are optionally substituted divalent C-i-Ce alkylene or C2-C6 

alkenytene radicals, 

p, r and s are independentiy 0 or 1 , 

Z is -6-, -S-, -((>0)-. -(C=S)-, -SO2-. -C(=0)0, -C(=0)NR^- , 
-C(=S)NR^-. -SOzNFe^-, -NR^:K=dK -NR^SO^ or --NR^- wherein R^ 
is hydrogen or Ci-Ce alkyi, and 

Q is hydrogen or an optionally substituted cart>ocyclic or heterocyclic 
radical; 

R2 is (i) a group of formula (lA) as defined In relation to Ri; 
(ii) a cartx>xamkie radical; or . 



(Hi) a non aromatic cart>ocycfic or heterocyclic ring wherein a ring 
carbon is optionally substitute, and/or a ring nitrogen is optionally 
substituted by a group of formula -<Alk\-(Z)r(Alk^)s-Q wherein Q, 
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Alk\ Alk^, Z, p, r and s are as defined above in relation to group (lA); 
and 

R3 IS hydrogen^ optlorially substituted cyctoall^, cydoaikehyi, Ci-C6 all<yl, 
Ci-Qs alkenyl, or Qi^-Ge alkynyl; or a c^rboxyl, carboxamlde^ carbpxyl ester . 
group. > ^ 

2. The use as claimed in daim 1 wherein the coirnpound is one of formula 
(A), or a salt, N-oxide, hydrate or solvate thereof, or a' prodrug thereof, 

3. The use as ciaim^ in daim 1 or daim 2 wherein the radical Ar^ 
present in Ri has fomiula (IB) 

wherein Alkrj Alk?, p, r, Sf, Z and Q are as defined in claim 1; and R represents 
one or more optional substituents. 

4. The use as claimed in daim 3 wherein that the ring carbon atom 
adjacent the liydipxyl group in radical (IBy i^^ 

5. The use as claimed In claim 1 or claim 2 wherein, in Ri , each of p, r 
and s is 0, and Q is hydrogen. 

6. The use as claimed in claim 5 wherein Ri is optiohaliy substituted 
phenyl, 

7. The use as daimed in daim 5 wherein Ri is 2-hydroxyphenyl, 
optionally further substituted by one or more of hydroxy, methyl, ethyl, 
methoxy, c^thoxy , chloro, or bromo. 
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.1 - 

8. The use as claimed in claim 5 wherein Ri is 2,4-clihydroxyphenyl, 
substituted In the 5-posltion by a small lipophilic substituent 

9. The use as claimed in daim 8 wherein the small lipophilic substituent 
methyl, ethyl, isopropyl, isobutyl, tert-butyl, chlorp, or bromo. 

10. The use as clairned in daim 8_or daim 9 wherein the hydroxyl groups in 
R1 are proteded by groups whldi are deaved In the body to relea^^ 
hydroxyl groups. 

1 1 : The use as daimed in daim 1 0 wherein the protecting groups are 
methylcart)onyloxy, or isopropylamlno-carbon^oxy. 

12. The use as claimed In daim 1 or claim 2 wherein, In Ri, p, r and s are 
each 0, and Q is an optionally sut>stituted carbocydic or heterocyclic ring. 

1 3. The use as claimed in claim 12 wherein Q is an optionally substituted 
phenyl or pyridyl ring. ' ^ ■ 

14 The use as daimed in claim 1 or daim 2 wherein, in Ri, p and/or s are 
each 1 and r Is 0. 

15. - The use as daimed in claim 1 or claim 2 vvherein, in Ri, each of p, r, 
and s Is 1. 

16. The use as daimed in claim 1 or daim 2 wherein, in Ri, p and s are 
each 0 and r is 1. 

17. The use as daimed in any of the preceding daims wherein R2 is a 
group of formula (tA). 

18 The use as claimed in daim. 17 wherein R2 is optionally substituted 2-, 
3-, or 4-pyrid^,.2- or S-fiiranyl, 2- or 3-tiiIenyl, or thiazolyl 
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19. The use as claimed in claim 18 wherein optional substituents present in 
R2 are selected from methoxy . ethoxy, methylenedloxy, ethylenedibxy, fllioro, 
chloro, brorno, and trifluoromethyl. ^ 

20. The use as daimed in daim 17 wherein R2 is phenyl substituted in the 
4 position by methoxy, ethoxy, flupro, chloro^ brpmo, piperazinyl, 
meihylpiperazinyl, or piperidin^, \ 

21 . The use as claimed in any of daims 1 to 16 vyherein R2 has the partial 

'structu^e^■■^-^^; . '^ . V 




wherein the substituted amino group ^R'^^R'^ ^ Is a soiubiiising group. 

22. The use as daimed in daim 21 wherein the soiubiiising group is 
selected from morpholinyl, piperidihyl, piperazinyl, pyrrolidinyl, ethytamino, 
isopropylamino, diethylamino, cyclohexylamino, cyclopentylamino, 
methbxyethylamino, plperidin-4-yl, N-acetylpiperazinyl, methylsulfonylamirio, 
thiomorpholinyl, thiomdrphdiinyldioxide, 4-hydrbxyethylplperldinyli and 4- - 
hydroxypiperidinyl. 

23. The use as daiifned in any of claims 1 to 1 6 wherein R2 is a 
carboxamide group of forniula -CONR°(Aik)nR^ wherein 

Alk is a di>^lent allcylene, alkenyljene or laikynylene radical, for example 
a -CH2-, -GH2CH2-, -<«2CH2CH2-, -CH2C^^ 
. radical, and the Alk radical may be optionally substituted. 



nisObrI, 
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is hydrogen of a Ci-Ce alkyi or Cz-Ce alkenyl group, for example 
nriethyl, ethyl, n- or feo-propyl, or aliyi. 

Is hydroxy or optionally substituted carbocyclic, for example hydroxy 
and/or chloro-substituted phen^ and 3,4 methylenedioxyphenyl; or 
heterocyclyl, for example pyridyl, fur^, thienyl, N-piperaziriyl, or N- 
morpholinyl any of which heterocyclic rings may be substitute, 

or R'^ and Retaken together With the nitro 

attached form an N-heterocydic ring whidh may optionally contain one 
or more additional hetero atoms selected from O, S and N, and which 
may optionally be substituted on one or more ring C or N atoms, 
examples of such N-heterocyclic rings including morphoHno, piperidinyi, 
piperazlnyl and N-phenylpiperazinyl. 

24. The use as claimed in aily of the preceding daims wherelni Ra is 
hydrogen, methyl, ethyl, n- or iso-propyl, trtfluoromethyl, hydroxyethyl, 
methylsulfonarhinomethyl, or a carboxamide group -CONR^(Alk)nR^ as 
defined in claim 23. 

25. The use as cfaimed in ariy of claims 1 to 23 wherein R3 is 
ethylaminocartx>nyl or isopropylamlnbcart>briyl. 

26. The use as claimed in daim 1 wherein the compound has fomnula (ID) 
or the fonrnula B regioisomer thereof. 




(ID) 
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wherein each R independently represents an optional substituent and 
represents a carboxamide group. . 

27. The use as clairried in dalm i whereiri the cornppund has fprrnula (IE)., 
or the fdnmtiliEi B regioisiDmer thereof, . 




wherein R3 represents a carboxamide grou^; Rg represents -CHzNR^^R^^ or- 
NR^'^R'*! wherein the substituted amino group -NR^^R^? is a solubilising group; 
and Rs represents an optional substituent, 

28. The use as claimed in claim 27 wherein R3 is ethylaminocarbohyl 
CH3CH2NHC(=0)-, or isoprppyfamlnocarbonyl (CH3)2CHNHC(=0)-; thb 
substituted amino group -NR^^R" in R9 is morpholinyl, piperidinyl, piperazinyl, 
pyrrolidihyl, ethylamino, isopropylamino, diethyiamino, cyclohexyiamino, 
cyclopent^amino, methoxyethylamino, piperidin-4-\i, N-acetylpiperazinyl, N- 
methylpiperazinyl, . methylsulfonylamino, thiomorpholihyi, 

. thiomorpholinyldipxide, 4-hydroxyethyipiperidinyl, or 4-hydroxypiperidinyl); and 
Rs is ethyl, isoprppyl, bromo, or chloro. 

29. . The use as claimed in claim 1 wherein the compound is selected Irom: 

5-<2,4-Dihydroxy-5-isopropyl-phenyl)-4-(4-morpholirv^ylme 
isoxazole-3-cart)oxyiic acid ethyiamide 
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5-(2,4-Dihydrbxy-5-isopropyl-phenyl)-i^ -ylmethyl-phenyl)- 
isoxazole-SK^arboxylic acid ethylamide 

4- (4-blethylaminomethy^phenyl)-5H[2,4-d 
ispxazole-3-cart>oxyllc acid ethyla.mide 

5- (2,4-Dihydroxy-5HSopropyl-phenyl)-4-[4-(^ 
phenyl]HSOxazole-3-carboxyIIc acid ethylamide . . 

5-<2,4-Dihydroxy-5^lsopropyI-phenylH-(4-ethyla 
isoxazole-3<;ait>oxylic add ethylamide 

5-(2,4-Dlhydroxy-5risopropy|-phenyl)^[4-('is^ 
isoxazole-SHC^rboxylic acid ethylam 

4-(4-Cyclohexyl^minomethyl-^henyl)-^ 
isoxazole-3K:aiiK>xylic acid etiiylamide 

4- [4-<terl-ButylamincHmethyl)-plienyQ-5K 
isoxazole-SK^arboxyllc acid etiiylamide 

5- <2,4-Dihydroxy-5-isopropyl-phenyl)-4-{4-[(^^^^ 
phenyl}-lsoxazole-3-cart>oxylic add ettiylamlde 

5-(2ADIIiydroxy-5-isopropyl-phenyl)-4-<4-mo 
isoxaz6ie-3-carboxylic ac^d isoprppylamide 

5-(2,4^Dihydroxy-5-isopropyl-phenylHK4K4-methyl^ 
phenyll-isdxazole-3H»rboxylic add Isbpropylamide 

5-(5-tert-Butyi-2,4KilhydroxyiDhenyl>-444-(4-me^ -yimethyl)- 
phenylJ-lsoxazole-S-carboxylic add ethylamide 
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5-(5-tert-Butyl-2,4Klihydroxy-phenylH^^ 
lsoxazole-3-carbox^ic acid ethylamide 

5-(2,4-Dihydroxy-5-isobutyl-phenyl)^ 
isoxazole-3-ciarboxylic acid ethylamide - ■ 

5-{2,4-Dlhydroxy-5-isobutyi-phenyl)-4-(4-piperidjn-1^ ; 
lsoxa2»le-3-cart)oxylic acid ethylamide 

5^5«tert-Butyl-2i4-dihydroxy-phenyi)-4-(4-morp 
lsoxazple-3-cail30xylic acid qthylamfde ; . - :c ;^ 

5^5-tert-Butyl-^2,4Klihydro)Qr-phenyI)^ > 
isoxazole-3-carboxylic add ethylamide ; 

3- {5-Chloro-2,4-dihydroxy-phenyl)-^ 
isoxazole-SHcarboxyllc add ethylamide / 

4- (4-Diethylaminomethyl-phenyl)-5H;4,6Klihydroxy-2^^ 
isoxazole-3-carboxylic acid ethylamide : 

4- (4-Dlethyiaminomethyl-phenyl)-5-(4Vfluoro-4,M5h^^ 
isoxazole-3-carboxylic add ethylamide 

4K4-DIelhylaminpmethyl-phenyl)-5-(4,6Klihydroxy-b^ 
cart)oxylic acid; ethylamide 

5- (2'4^luoro-4i6<lihydroxy-*iphenyl-3-yl)-4-(^^ 
IsoxazDle-3-carboxylic add ethylamide 

5-<4,6-Dihydroxy4)iphenyl-3-yl)-4-{4-nTOirpholinH^ 
3-cartx)xylic add ethylamide 
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5-(2,4-Dihydroxy-5-phenethyl-phenyl)-4-(4-morpholin-4^ 
isoxa2ole-3-<:arboxylic acid ethylamide 

5-(5-Chl6ro-2.4Klihydroxy-phenyl>^-(4^>ip^^ 
3-carboxylie acid isopropylamide 

4^4-Diethylaminomethyl-phenyl^^ 
SHcarboxylic acid ethylamijde 

5-(5-Ethyl-2,4HJihydroxy-phenyl)-4-[4-{4-meth^^^^ 
Isoxazolera-carboxyllc aicid Qthylamide 

5-(5-Ethyl-2,4Klihydro)cy-phenyl)-4-(4-iTK>r^ 
3-carboxyiic acid ethylamide 

5-(5<)hlGro-2.4Hjihydroxy-phenyl)-4-(4Kllet^^ 
3-carbo)^lc acid ethylamide 

5-(5-Chloro-2,4<lihydroxy-phen^)-4-[4-(4-me 
phenyQrisoxazole-3K:arboxylic acid ethylamide 

5-(5-Ch!oro-2,4Klihydroxy-phenyl)-4-(4-morpholin^ 
isoxazole-3-<:arboxylic acid ethylamide 

and salts, hydrates, solvates and prodmgs thereof. . . 

30. A method of treatment of diseases or conditions responsive to inhibition 
of HSP90 activity in mammals which method comprises administering to the 
mammal an amount of a compound as defined in any of claims 1 to 29, or a 
salt, hydrate or solvate thereof, effective to inhibit said HSP90 acByity. 

31 . The use as claimed in any of claims 1 to 29 or a method as claimed 
claim 23 wherein the disease or condition is cancer; viral disease, rheumatoid 
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arthritis, asthma, multiple sclerosis, Type I diabetes, lupus, psoriasis and 
inflammatory bowel disease; cystic fibrosis, diabetic retinopathy, 
haemangiomas, or endometriosis, chemotherapy-induced toxicity; failure to 
undergo apbptosis; hyppxia-isfchemic injury due to elevation of Hsp70 in the 
heart and brain; scrapie/CJD, Huntingdon's or Alzheimer^s disease. 

32. A cpmpound of formula (A) or (B) or a salt, N-oxide, hydrate pr solvate 
thereof, or a prodrug thereof. In the preparation of a composition for inhibition 
of HSP90acti>nty: 




(A) (B) 

wherein 

Ri is a group of formula (lA): 

-ArMAIk\-(Z)r{AII^)s-Q (lA) 

wherein In any compatible combination 

Ar^ is an optionally substituted aryl or heteroaryl radical, 

Alk^ and Alk^ are optionally substituted divalent Ci-Ce alkylene or Cz-Ce 

alkenyiene radicals, 

p, rand s are independently 0 or 1, - 
Z is-O-, -(C=OK -(C=SK -^Oa-, -C(=0)(>, -C(=^^ 
-C(=S)NR^-, -SOaNR^-, -NR^C(=OK -NR^SOz- or -NR^- wherein 
is hydrogeri or Ci-Ce alkyi, and 

Q is hydrogen or an optionally substituted cari^cyclic or heterocyclic 
radical;. 

is (I) a group of formula (lA) as defined in relation to Ri; 
(ii) a cart>oxamide radical; or 
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(Hi) a ndn aromatic carbocyclic or heterocyclic ring wherein a ring 
carbon is optionally substituted, and/or a ring nitrogen is optionally 
subistituted by a group of fomiula -<Alk^)p-(Z)r{Alk^)s-Q wherein Q, 
Alk\ Alk^, Zi p, r and s are as defined above in relation to group (lA); . 
and • : 

R3 Is! hydrogen, optionally substituted c^cloalkyl, cycloalkeriyi, Oi-Ce alkyi, 
Ci-Ce alkenyt, or Ci-Oe alkynyi; or a cart^oxyl, carboxamkie, or carboxyl ester 
group, 

PROVIDED THAT the compound is not one of formulae (X), (Y) or (Z): 




(X) (Y) : (Z) 



33. A compound as claimed in daim 32 wherein the compound is one of 
formula (A); or a salt, N-oxide, hydrate or solvate thereof, or a prodrug thereof, 

34, A compound as claimed in claim 32 or claim 33 wherein the radical Ar^ 
present in Ri has formula (IB) 

R 

Q'{Aik^\^Z)r{Aik^)f^^ (IB) 

OH 

wherein Alk^, Alk^, p, r, s, Z and Q are as defined in daim 1, and R represents 
one or more optional substituents. 
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35. A compound as claimed In daim 34 wherein that the ring cartxjn atom 
adjacent the hydroxyl group in radical (IB) is unsubstituted. 

36; A compound as claimed, in claim 32 or claim 33 wherein, in Ri, each of 
p, r and s is 0, and Q is hydrogen. 

37: . A compound as dalmed In clalm^^ 
pheriyi, 

38. A compound as daimed in cliaim 36 wherein Ri is 2-hYdroxyphenyl, 
optionally further substituted by one or more of hydrbxy/me^^ ^ 
meithoxy, ethoxy , chloro, or bromo. 

39. A compound as claimed in dafm 36 wherein Ri is 2,4-dihydroxyphenyl, 
substituted in the 5-ppsiti6h by a smiall lipophilic substituent 

40. A compound as claimed in daim 39 wherein the small lipophilic 
substituent methyl, ethyl, isopropyl, isobutyl, tert-butyl, chloro, or bromo. 

41 . A compound as claimed in claim 29 or daim 40 wherein the hydtpxyl 
grioups in R1 are protected by groups which are deaved in the body to release 
the hydroxyl groups; ' , 

'42: A cbm|k>und as daimed in daim 41 wherein the protecting groups are 
alkyicarbonyloxy qr alkylaminocarbonyloxy groups.; 

43. A compound as daimed In daim 41 wherein the protecting groups are 
methylcarbonyloxy, or isopropylaminoK^arbonyloxy. 

44- A compound as daimed In daim 32 or daim 33 wherein, in Ri, p, r and 
s are each 0, and Q Is an optionally substituted carbocydic pr heterocyclic 
ring. 
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45. A compound as claimed in claim 44 wherein Q is an optionally 
substituted plienyl or pyridyl ring. 

46 A compound as claimed in claim 32 or claim 33 wherein, in Ri, p and/or 
s are each 1 and r is 0. 

47. A compound as claimed in claim 32 or claim 33 wlierein. in Ri, ieach of 
p, r, andsisl. 

48. A compound as claimed In claim 32 or claim 33 wherein, in Ri, p and s 
are each p and r Is 1v 

49. A compound as claimed in any of the preceding claims whisrein Ra Is a 
group of formula (lA). 

50 A compound as claimed in daim 49 wherein R2 is optionally substituted 
2-, 3-. or 4-pyridyl, 2- or 3-furanyl. 2r or 3-thienyl, or thiazolyl 

51 . A compound as claimed iii claim 50 wherein optional substituents 

^ ■ • - ■ 

present in R2 are selected from methoxy , ethoxy, methylenedioxy, 
ethylenedioxy. fluoro, chloro. bromo, and trifluoromethyl. 

52. A compound as claimed in daim 49 wherein R2 is phenyl substituted in 
the 4 position by methoxy, ethoxy; fluoro/ chloro, bromo. piperazinyli N- 
methyipiperazinyl, or piperidinyl. 



53. A compouhd as claimed in any of daims 32 to 49 wherein R2 has the 
partial strudure: . - 
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wherein the substituted amino group -NR^°R^^ is a solubilising group. 

54. A cx>mpound as claimed in claim^53 wherein the solubilising group is 
selected from morpholinyl, piperidinyh piperazjn^, pynolidinyl,,ethylamino,: 
isopropylamino, diethylamiho, cyclohexylamino, cyclopentylamino, . . 
metho)^etiiylamino, piperidin-4-yl, N-acetylplperazlnyl, methylsuifbnylamino, 
thioiTK>n>h6iinyfi thiomorpholinyldio)dde 4-hydroxyethylpiperidinyl^ and 4- 
hydroxypiperidinyi. 

55. ' A compound as daimed in any of daims 32 to 48 
carboxamide group of formula -<;ONR°(Aik)nR^ whe^^ 

Alk is a divalent aikylene, alkenylehe or alkyriylene radical; for example 
a -GHz-. -CH2CH2-. ^HzCHzCHz-. -OH2CH=CH-, or -CH2CCCH2- 
radical, and the Alk radical may be optionally substituted, 

nIsOorl; ^ : 

is hydrogen or a Ci-Ce alkyi or C2<>6 alkenyl group, for e 
methyli ethyl, rh oriso-propyl, or allyl,. - ' . . 

R^ is hydroxy or optionally substituted cartiocydic, for example hydroxy 
and/or chloro-substituted phenyl and 3,4 methylenedioxyphehyl; or 
\:' heterocyclyl, for example pyridyl, furyl, thienyl, N-piperazinyi, or N- 
morphQlinyl any of which heterocyclic rings may be substituted, . 

or R^ and R® taken together with the nitrogen to which they are - . 
attached fonn an N-heterocyclIc ring which may optionally contain one 
ormore additional hetero atoms selected from O, S and N, and which, 
may optfonaliy be substituted on one or nrore ring C or N atoms, 
examples of such N-heterocyclic rings Induding morpholino, piperidinyl, 
piperazinyl and N-phenylpiperazinyl. 



wo 2004/072051 PCT/GB2004/000506 

171 

56. A compound as claimed in any of the preceding claims wherein is 
hydrogen, methyl, ethyl, n- or iso-propyl, triflubromethyl, hydroxyethyl, 
methylsulfonaminornethyl, or a carboxamide group -GONR®(Alk)nR'^ as 
defined in daim 55. 

57. A compound as claimed in any of claims 32 to 55 wherein R3 Is 
ethylarhinoc^rbonyi or isopropylaminbcarfodnyl; 

58. A compound as claimed in claim 32 wherein the cbmpound has fontiula 
(ID) W the formula B reigioisomer thereof. 




wherein each R independently represents an optional substituent and 
represents a carboxamide group. 

59. A compound as claimed in claim 32 wherein the compound has formula 
(IE) or the formula B regioisomer thereof. 




(IE) 



wherein R3 represents a carboxamide group; R9 represents -CHaNR^^^^ or 
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-NR^^R^^ Wherein the substituted amino group -NR^°R^^ Is a solubilising 
group;; and Ra represents an optional substituent 

60. A compound as claimed in claim 59 wherein R3 Is ethylamindcarboriyl. 
CH3CH2NHC(=0)-, or jsopropyjaminocarbpnyl (CH3)2CHNHC(=0)-: the 
substituted amino group ^NR^Pr^''' in Rg is morphoHhyl, piperidjnyi, piperazinyl, 
pyrrolidlnyl, ethyiamino, isopropyiam[np, diethylamino, cyGlohe)^amlno, 
cyciopentytamino, methoxyethyfamino, piperidin-4-yl, N^acetylplperazinyi, N- 
methylpiperazinyi/methylsutfonyiamino, t^^^ 

thiomorpholinyldioxide, 4-hydroxyethytpiperidinyi,.or 4rhydroxypiperidinyl); and 
Rs is ethyl, isoprbpyl, bromo, or chloro. 

61- A compound as claimed in daim 32 selected from: 

5-(2,4^DihydroxyT5-isopropyt-phenyl)-4-<4-morpholin-^ 
isoxazole-3-carboxyiic acid ethylamide 

5-(2;4-Dihydroxy-5-isopropyl-phenyi)-4^4Tpiperidin-1 -ylmethyl-phenyl)- 
isoxazole-3-carboxylic acid ethylamide 

4- (4-Diethylaminometliyl-phenyl)-5-(2,4Klihydroxyr'5-isopropyl-phenyl^^ 
isoxazole-3-carboxyiic acid ethylamide . 

5- (2,4-Dlhydroxy-5-isopropyJ-phenyl)-4-[4-(4^nriethyl-pipera2a 
phenylJ-isoxazole-STcarboxylic acid ethylamide . 

5-(2,4-Dihydroxy-5-isopropyi-phenyl)-4-(4-ethylaminomethyH^ 
isoxazole-S^rboxylic acid ethylamide \ 

5-(2 ADihydroxy-5Hsopropyl-phenyi>-4-[4-0soprop)4aminoH^ 
isoxazole-3-cartx>xylic acid ethylamide 
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4- (4-Cyclohexylaminomethyl-phenyl)-5H(2,4-dihydroxy-5^sp 
isoxazole-3-<^rboxylic acid ethylamide 

.4-[4-<tert-ButylamlrK)-methyI)-pheny0^5-(2.^ 
isoxazbie-S^rboxylic acid efhyla^ 

5- {2,4^Pihydroxy-5-isopropyl-phenyl>^4~[(2-metho^ . 
phenyi}^isoxazole-3-carbpxylic acid ethyiamjde 

5-(2.4-Dihydroxy-5-isopix)pyl-phenyl)-4-(4-morph 
isoxazole-3-carboxyiic acid isopropylamide 

5-(2.4-Dihydroxy-5-isopropyl-phenyl)-4-[4-(^ -yimethyl)- 
phenyQHSoxazole-3-carboxyiic acid IsopropyiamidiB . : 

5-{5-tert-Butyl-2^4-dihydroxy-phenyl)-4^[^ 
phenyq-isoxazoie-3-carboxylic acid ethylamide 

5-<5-tert-Buty^2,4Hjihydroxy-phenyl)-4-{^^ -ylmethyl-phenyl)- 
isoxazole-3-carboxytic acid ethylamide 

5H[2,4-Dlhydroxy-5^isobutyi-phenyl)-4-(4-m 
isoxazole-3-cartx)xylic acid ethylamide 

5-(2,4-Dihydroxy-5-isobufyl-phenyl)-4-<4-piperidin-1 
isoxazole-3-cartx>xylic acid ethylamide 

5r(5-tert-Butyl-2,4KJihydroxy-phenyl>-4-(4HTiorp^^^^ 
isoxazole-3-cartx>xyiic acid ethylamide 

5-(5-tert-Butyl-2,4HJihydroxy-phenyl>-4K4Kli 
isoxazole-3-cari)oxylic acid ethylamide 
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3- {5-Chloro-2,4<lihydroxy-phenyI)^4-mprpholinHl-ylmeth 
isoxazole-5-carboxylic acid ethylamide 

4- (4-Diethylanriinomemyl-phenyI)r5-(4,6-dlhydroxy-2-methyt-biphen^^ 
isoxazol&^d-darbdxyiic acid ethylamide . 

4-(4-Diethylaminomethyl-phenyl)-5-(4^-fluorc>-4,6Kllhydrp3Q^^ 
isoxazole-3-carboxylic acid ethylamide 

4- (4-Dlethylaminomethyf-phenyl)-5-<4,6HJihydroxy-biphenyl-^yl)rlsbxazole-3- 
cart>oxylic acid ethylamide 

5- (2'-Ruord-4,6Klihydroxy^biphenyl-^yI)-4-<4-pyrrondl^ -ylmethyl-phenyi)- 
isoxazole-drcarbbxylic acid ethylamide 

5-(4,6-DlhydrDxy^bIphenyl-3-yl>-4K4HT»orphollo-4>-ylmethyl-ph 
3-cart)oxyllc add ethylamide 

5T<2,4-Oihydix>xy-5-phenethyl^phenyl>-4K4-morpholiri-4-ylmethyt-phenyl}- 
isoxazole-3-carboxylic acid ethylamide 

5-(5-Chloro-2;4Hlihydrpxyrphenyl)-4-(4-piperidln-1-ylmethyl-phen^^^ 

3- cart>oxyllc acid isopropytamkJe 

4- <4-DiethylamimmethyH3henyl>-5r(5-ethyl-2.4-dihydroxy-phenylHsoxa^ 
3K»rboxyllc add ethylamide 

5- (5-Eth5^2,4-dihydrDxyrphenyl>-4H:4K4Hiriethyl-plp 
isoxazole-3-cart)oxylic add ethylamide ; 

5K5-Ethyl-2,4-dihydioxy-i3henyl>-4-(4-morpholin-4-ylmethyl-phenylHsox^ 
3-cart)oxylic add ethylamide 
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5-(5<jhlorcH2,4-dihydroxy-pheriyl>-4-(4-diethylamino^^^ 
3-carboxyllc add ethylamide 

5-(5<)hloro-2.4Hdihydroxy^henyl)-4-[4-(4Hrn 
phenyiHsoxazx>le-3K:arboxylic add etiiylamide 

5-(5-Chloro-2.4KllhydrDxy-phehyl)-4-(4-moiphoIlrv4-ylme*^ 
isoxazole-3-cait>oxyiic add ethylamide 

and salte/hVtiMes^ soh/ates and prodmgs ther^f. 

62., A compound claimed In siny of claims $2 to 61 , for use In human or 
veterinary medicine. 

63. A phannaceuticai composttidn comprisinjg a compound as claimed in 
any of claims 32 to 61 , or a salt hydrate or solvate thereof, together with a 
phanriaceutically acceptable canier. 

64. A phannaceuticai compositiori as claimed in claim 63 in the form of a 
solut'pn or suspension the compound in a sterile, physiologically acceptable 
carrier, for example aqueous saline. 

65. A phannaceuticai composition as claimed in claim 63 in the form of a 
solution or suspension the compound in a sterile aqueous saline. 

66. A method of inhibiting HSP90 activity, comprisirig bringing into contact, 
in vitro, an HSP90 enzyme and a compound as claimed in any of claims 32 to 
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